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Dear Mr. Pedersen: 

The Flood Control District is pleased to submit the proposed 
Greens Bayou Regional Detention and Wetlands Mitigation Bank 
facility interim report prepared under a water research study 
for the Texas Water Development Board. Significant progress 
has been achieved in resolving several key issues necessary to 
create a wetlands mitigation bank. These issues are discussed 
in further detail in the attached report, and we hope you will 
find them as interesting as we have. 

Should this interim report prove to be satisfactory to the 
Texas Water Development Board, the Flood Control District 
would like to respectfully request the additional $100,000.00 
in grant assistance be approved. If this is acceptable, 
please let us know what our next steps should be to proceed. 

The District would like to take this opportunity to thank the 
Texas Water Development Board for their support in helping to 
bring to fruition this innovative and multi-beneficial 
project. Should you need any additional information, I can be 
reached at (713) 684-4067. 

Sincerely, 

/~ <Ray- O'(3~ 
Colleen R. O'Brien, P.E. 
project Manager 
Watershed Management Dept. 
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I. INTRODUCTION 

On March 17, 1994, the Texas Water Development Board approved an 
unsolicited water research grant for $100,000.00 to the Harris 
county Flood Control District. This grant is to assist in 
funding the preliminary investigations necessary to create the 
Greens Bayou Regional Detention and Wetlands Mitigation Bank. 
The Flood Control District has prepared this interim report to 
present the findings of the investigations to date. 

For simplification, this report has been written to emphasize 
those services for which the Texas Water Development Board will 
be providing funds. A summary of the status of each task has 
been included in the appendix for the Texas Water Development 
Board I s use. The District has also included in this report 
discussion on additional topics when it seemed appropriate to 
provide a clearer picture of the proposed project. 

This project offers the opportunity to achieve multiple benefits 
of social and environmental significance. To date, feedback from 
the community and public agencies has been positive and 
supportive with a strong desire to see this innovative and 
environmentally enhanced project succeed. Not only is this site 
intended to provide a large area of high quality wetlands to be 
preserved in perpetuity, but water quality and flood protection 
are two other key issues associated with implementation of the 
project. 

II. PROJECT DESCRIPTION 

The Greens Bayou Regional Detention and Wetland Mitigation Bank 
Facility consists of approximately 1450 acres of undeveloped 
vacant land located in northeast Harris county, immediately south 
of Beltway 8 and east of the confluence of Greens and Garners 
Bayous (see Exhibit A). The site contains a diverse mixture of 
pine/hardwood forests and open grassy prairies interspersed with 
wetlands that exist in a system of relict meander scars and large 
depressions. 

The Harris county Flood Control District (HCFCD) is developing a 
1450-acre detention basin and wetlands mitigation bank in the 
Greens/Garners watersheds that will be the first public 
mitigation bank of its magnitude in the Galveston District of the 
Corps of Engineers. The concept of Mitigation Banking has been 
endorsed by the U. s. Environmental Protection Agency and the 
Clinton Administration as a means of compliance with the section 
10/404 permitting requirements of the Clean Water Act for 
achieving a "no net loss of wetlands." The responsibility of 
regulating wetlands mitigation banks has been given to the Corps 
of Engineers. The Corps procedure requires comprehensive 
planning and involves a high level of oversight from multiple 
state and federal agencies. 
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wetlands mitigation banking is defined as advanced compensation 
by creation, restoration, enhancement or in some cases 
preservation of a wetland or other aquatic habitats and their 
functional values. The Corps acknowledged advantages to 
mitigation banking over small piecemeal mitigation sites. 

The goal of this long term mitigation bank project is to create a 
large contiguous area of protected wetland habitats by enhancing 
selected existing wetlands and by creating new wetlands from 
upland areas. This goal will be accomplished by carefully 
planning wetland construction and development to make use of 
natural topography, soils, vegetation, and available hydrology to 
create a passively functioning wetland system that will be 
successful for many years. 

These wetlands will be designed with the toxicant removal 
function as an additional objective. Specific wetland plant 
species with a documented high water purification function will 
be planted into the proposed wetland system. In order to 
maximize the aesthetic potential of this wetland creation, 
special attention will be made to the selection of those species 
that have high ornamental and flowering qualities. 

To further enhance the public benefit of this project, the 
wetland site topography is proposed to be recontoured to create a 
series of swales and islands. These created islands will allow 
for maximum diversity in wildlife habitats and also the ability 
to introduce aesthetically pleasing hardwood trees whose form and 
food production will add another biological strata to the 
wetlands system. 

The proximity of TxDOT's Beltway 8 to the Flood Control 
District's proposed wetlands site provides a unique opportunity 
to enhance water quality through a natural purification system 
which would require minimal maintenance. The project could 
become a model for mitigating pollution of runoff water from 
roadways. This District is proposing to reroute part of 
Beltway 8's drainage onto the property for filtration. Not only 
is the rerouting of a portion of Beltway 8's drainage onto the 
Flood Control District's property a key factor in conveying 
pollutants away from Greens Bayou, but also the modified 
hydrology will be beneficial in creating and sustaining the 
wetlands system which is intended to filter the polluted 
drainage. The quality of the water returning to the bayou 
drainage system will be improved and the actual quantity of 
runoff reaching the main stem drainage will be reduced due to 
infiltration and resultant groundwater recharge, as well as 
evapotransporation occurring within the wetland. 

Further flood protection is proposed for this project in the form 
of a 200-acre detention basin proposed onsite. The basin is to 
be designed to capture the peak flows coming off of Greens and 
Garners Bayou during extreme storm events to provide some relief 
to the flood prone area along the lower reaches of Greens Bayou. 
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The preservation of wetlands, flood protection, and the removal 
of pollutants from runoff provides obvious environmental 
benefits. The high quality wildlife habitat that the open area 
of the detention pond and large wetland areas will provide is 
another direct benefit that this wetland creation project will 
have for the environment. The high visibility of the project 
location will offer an excellent opportunity for interpretation 
of wetlands and their functions for the motoring public. 
Motorists traveling the Beltway 8 bridge high over the Union 
Pacific Railroad will experience exciting views of a wetland 
system full of the color of flowering wetland plants, and the 
extensive bird and other wildlife that will be attracted to the 
project. 

III. HISTORY 

The master drainage plan of HCFCD identified the Greens Bayou 
watershed as a geographical region requiring large sites to act 
as regional detention basins. To this end, the HCFCD acquired a 
234-acre site for $497,000 located at the confluence of Greens 
Bayou and Garners Bayou for the purpose of excavated detention. 
A Phase One Environmental Assessment identified 30% of the site 
as jurisdictional wetlands. Excavation would have required 
permitting from the Corps of Engineers under section 404 of the 
Clean Water Act and mitigation of wetlands. 

As the HCFCD began to examine options for minimizing and avoiding 
such impacts, as required by law, it became aware of a contiguous 
FDIC tract of 1,231 acres. This tract demonstrated physical 
characteristics that would allow reconfiguration of the proposed 
detention basin to an upland. In addition to allowing an 
opportunity for avoiding and minimizing impact, the site could 
provide opportunities for future wetlands mitigation that the 
HCFCD was certain to need. 

Concurrent with these activities, the Corps of Engineers, 
responding to national concerns, published preliminary 
Interagency Guidelines for the Development and Use of Mitigation 
Banks. Defining wetlands mitigation banking as "advanced 
compensation by creation, restoration, enhancement or in some 
cases preservation of a wetland or other aquatic habitats and 
their functional values," the Corps acknowledged advantages to 
mitigation banking over small piecemeal mitigation sites. In 
June 1993, final guidelines were published. 

Anticipating these events, Harris County Commissioners Court 
approved the concept of the HCFCD's participation in wetlands 
mitigation banking. The purpose of banking would be to provide 
wetlands mitigation opportunities to HCFCD and to offset the 
costs by selling bank credits to others, including the private 
sector. To date, wetlands mitigation costs to the HCFCD for 
other flood management projects not related to this bank have 
been in excess of $2,000.000. 
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In April 1993, a meeting was held between the Mitigation Bank 
Review Team (MBRT), made up of seven state and federal agencies, 
and HCFCD. These seven agencies include the u.s. Army Corps of 
Engineers, u. S. Environmental Protection Agency, U. S. Fish and 
Wildlife, Texas Parks and Wildlife, Texas General Land Office, 
Texas Natural Resource Conservation Commission and the National 
Marine Fisheries Services. The seven agencies serve at the 
request of the Corps of Engineers. Each agency has the option of 
not participating, in which case the Corps has the authority to 
proceed. Since the Greens Bayou site is not tidally influenced, 
the National Marine Fisheries Services is not interested in 
participating in this proposed wetlands bank. The remaining six 
agencies are active participants. 

In this April 1993 meeting, the HCFCD presented this site to the 
MBRT and requested preliminary approval to create a wetlands 
mi tigation bank. Each member of the MBRT brought the proposal 
back to their respective agencies for review. Following that 
meeting, a visit was made to the site; and, subsequently, 
preliminary approval was given by the Corps to proceed with the 
bank, the largest and probably the first, ever to be approved in 
the Galveston District. An important milestone had been reached. 

The next step was acquisition of the 1,231-acre site which was 
completed in September 1993, for a cost of $2,783,000. This 
opened the way for further evaluation of the site in preparation 
for entering into a Memorandum of Agreement with the MBRT for 
development and operation of the bank. Comprehensive baseline 
studies for vegetation, wildlife, soil characteristics and 
hydrology are needed. 

The Flood Control District applied to the Texas Water Development 
Board (TWDB) for a water research grant to assist with funding of 
several services necessary to create the Greens Bayou Regional 
Detention and Wetlands Mitigation Project. This grant was 
approved on March 17, 1994 and the Harris County Commissioners 
Court entered into agreement with the TWDB on August 16, 1994. 

Significant progress has been made on several key issues, and 
much of this information has been summarized within this interim 
report. 

IV. SCOPE OF SERVICES 

The Flood Control District identified the services which were 
believed to be necessary to create and maintain the 1450-acre 
Greens Bayou Regional Detention and Wetland Mitigation Bank 
Facility proposed to be located at the southeast quadrant of the 
Garners Bayou and Greens Bayou confluence. The following is a 
description of those particular services that the TWDB Water 
Research Grant assisted in funding. 
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A. Hydraulics and Hydrology for the Preliminary 
Environmental and Engineering Design 

1. Data Collection and project Coordination: 

Collect and review available data concerning the site 
including property boundary maps, proposed layouts and 
grading plans, existing HEC-1 and HEC-2 models of the 
Greens Bayou Watershed, previous engineering studies, 
aerial photographs, and topographic maps. Meet with 
HCFCD as necessary to discuss the results of the data 
collection effort and to plan the completion of the 
analysis. 

2. Water Budget: 

Meet with environmental consultant and with HCFCD 
representatives as needed to discuss the water supply 
requirements of the wetlands banking area. Supply 
preliminary information required to plan wetlands 
design and define the concept of the wetlands area. 

3. HEC-1 and HEC-2 Computer Model Update: 

Perform appropriate hydrologic analyses to determine 
the available sources of water supply for these 
wetlands areas and incorporate this information into 
the HEC-1 and HEC-2 models. 

4. Alternative Detention Design: 

Update the Greens Bayou HEC-1 and HEC-2 computer models 
to reflect current conditions and estimate peak flow 
rates and water surface elevations. Review various 
detention alternatives to determine the maximum benefit 
design for flood protection. 

5. Letter Report: 

Prepare a letter report summarizing the recommended 
methods of water supply for the wetlands area. 

B. Data Gathering and Assessments for Preliminary 
Environmental Assessment and Conceptual Design 

1. Soil Data and Report: 

Provide comprehensive soil taxonomy, soil map and 
permeabilities for project area, test borings and 
monitoring of groundwater depths, and compile a 
detailed soil analysis report. 
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2. Biological and Habitat Assessment and Report: 

Determine and recommend methodology for wetland 
creation and/or enhancement including minimum success 
criteria, provide onsite biological and habitat 
assessment, and prepare assessment report including 
maps and recommendations. 

3. Water Budget and Report: 

Review and analyze hydrology characteristics for water 
budget provided by other consultants and apply to 
wetland design, determine secondary water source for 
enhancement, and prepare a wetland hydrology and water 
budget report. 

C. Conceptual Design Phase Services For Preliminary 
Environmental Assessment and Conceptual Design 

1. Establish Baseline 

Establish baseline functions and values for wetland 
mitigation bank. Compile data and evaluate wetland 
characteristics (soil, topography, biological and water 
budget) to establish baseline functions and values. 

2. Methodology and Conceptual Plans: 

Establish methodology for wetland creation/enhancement 
using minimum success criteria, categorize creation/ 
enhancement areas for maX1mum banking credits, and 
prepare conceptual plan for wetland creation/ 
enhancement to be reviewed and approved by the Flood 
Control District. 

3. Site Master Plans: 

Prepare a site Master Plan which includes the 
conceptual plan for wetland creation/enhancement and 
preliminary layouts of the seven subdivisions of the 
proposed bank which are to be reviewed and approved by 
the Flood Control District. 

4. Minimum Success criteria, Memorandum of Agreement, 
and the Land Use Agreement: 

Determine minimum success criteria for wetland 
creation/enhancement and prepare necessary documents to 
obtain a Memorandum of Agreement between the HCFCD and 
the Corps of Engineers. This is to include the 
required land use agreements. 
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D. Preliminary Engineering Design 

1. Project Coordination 

Provide 
HCFCD, 
discuss 
and the 

project coordination and attend meetings with 
COE, MBRT, and other relevant agencies to 
the requirements of the wetlands banking design 
associated detention facilities. 

2. Alternative Water Sources: 

Investigate alternative water sources to feed wetlands 
creation and enhancement. 

3. Construction Phasing and Cost Estimates: 

Establish a conceptual construction phasing sequence 
and prepare preliminary cost estimates for the creation 
of each wetlands subdivision. 

-8-



v. DISCUSSION 

Significant progress has been made in researching, investigating, 
and creating the data and techniques necessary to establish the 
Greens Bayou Regional Detention Basin and Wetlands Mitigation 
Bank (HCFCD unit P500-03-00). A portion of this information is 
included herein. This report has been written to emphasize those 
services which the Texas Water Development Board (TWDB) helped to 
fund. Other key issues are also discussed to provide a clear 
picture of what is being proposed for the project. 

This discussion section is being broken into four sections for 
clarity. These sections include: Hydraulics and Hydrology; Data 
Gathering and Assessments; conceptual Design; and Preliminary 
Engineering. Although some of the information provided is in a 
completed format, portions of the data are still being reviewed. 
It was decided that this information should be included in its 
interim state to provide the TWDB with an idea of where this 
project is headed. 
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A. Hydraulics and Hydrology 

One of the long-term goals of the proposed Greens Bayou 
Regional Detention and Wetlands mitigation project is to 
increase wetland productivity by augmenting existing 
hydrologic regimes. A large (approximately 200 acre) 
stormwater detention pond will be constructed for storage 
of excess flood waters. state-of-the-art stormwater 
management techniques will be implemented to maintain or 
augment existing water regimes. 

Water management structures such as cuI verts, weirs, or 
open channel hydrologic conveyances would be used to 
increase the duration of inundation and soil saturation in 
marginal wetland areas. Open water connections to adjacent 
water bodies would improve water and material exchange 
throughout the contiguous wetlands. Soil excavation might 
also be required and desirable to restore altered surficial 
drainage patterns or prolong saturation periods. These 
types of hydrologic improvements should increase wetland 
plant producti vi ty , provide increased edge habitat, and 
benefit wildlife. 

At this conceptual stage of project development, detailed 
design features for site-specific conditions cannot be 
determined. Following preliminary approval from the 
appropriate regulatory agencies, the hydrologic design will 
be more fully developed. In addition to the completed 
vegetation studies, topographic and hydrologic surveys were 
conducted to establish existing drainage patterns and 
determine the needed hydrologic improvements. Following 
construction, continuous monitoring of established water 
regimes will identify and necessary hydrologic adjustments 
that need to be made. Agency participation will be 
encouraged throughout the phases of proj ect development 
from predesign to post-construction monitoring. Compre
hensive engineering studies, biological assessments, and 
agency coordination will ensure the successful development 
and implementation of the proposed hydrologic improvements. 

Along with analyzing the hydrology necessary to sustain 
wetlands growth, a detailed investigation of the proposed 
detention facility is required to provide maximum flood 
protection to the Greens Bayou Watershed as an additional 
benefit of this project. 

The Flood Control District contracted with Dodson & 
Associates, Inc. to maximize the effectiveness of two 
regional detention facilities located in lower Greens 
Bayou. Their objective was to provide a design for a 1500-
acre levee detention facility (P500-01-00) and the 200-acre 
detention facility proposed at Garners Bayou (P500-03-00), 
to work in tandem with each other, to reduce peak flow 
rates in the lower flood prone regions of Greens Bayou. 
The following is a summary of their preliminary results: 
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SECTION 1: INTRODUCTION 

1. INTRODUCTION 

1.1 Purpose of This Report 

This report describes the results of a hydrologic and hydraulic analysis of a proposed regional 
detention system for the lower Greens Bayou watershed. This analysis is intended to assess 
the effectiveness of the proposed detention system in reducing downstream peak flow rates 
along Greens Bayou. 

1.2 Report Preview 

Section 1 (this section) provides a brief overview of the report, including a description of the 
proposed regional drainage system and a summaxy of conclusions regarding its projected 
effectiveness. Section 2 provides a detailed description of each of the major components in 
the regional detention system. Section 3 describes the methods and data used in hydrologic 
analyses of the Greens Bayou watershed and provides a snmmary of the results obtained. 
Section 4 presents a summary of hydraulic analyses of Greens Bayou and Garners Bayou, 
including tabulations of computed IO-year and 100-year water surface elevations. 

1.3 Description of the Greens Bayou Watershed 

The watershed of Greens Bayou covers a total area of approximately 209 square miles. As 
indicated on Exhibit I, the Greens Bayou watershed covers a significant portion of north
central Harris County. Exhibit 2 illustrates the extents of the watersheds of the two major 
Greens Bayou tributaries, Halls Bayou (HCFCD Ditch PI 18-00-00) and Garners Bayou 
(HCFCD Ditch PI30-00-0). 

1.4 Recent Flooding in the Lower Greens Bayou Watershed 

The most recent rainfall events causing widespread flooding in the lower Greens Bayou 
watershed occurred on May 17-18, 1989, June 25-27, 1989, and March 4, 1992. Each of 
these storm events was characterized by heavy rainfall and subsequent flooding of homes, 
especially in areas downstream of the confluence of Greens Bayou with Halls Bayou. The May 
and June, 1989 storm events were the most severe ra;nfall events on record for the Greens 
Bayou watershed, while the March 1992 event was preceded by unusually heavy and 
persistent winter rainfall. 

1.5 Brief Description of the Proposed Regional Detention System. 

In an effort to reduce flooding in the lower Greens Bayou watershed, the Harris County Flood 
Control District proposes to implement a regional detention system as illustrated on Exlubit 
3. The proposed system composed of the following major components. 

• Basin P500-01-OO: This on-stream regional detention facility will be located between 
Greens Bayou tributaries P12I-OO-00 and PI27-00-00. 

• Basin P500-03-OO: This off-stream regional detention basin will be located east of the 
confluence of Greens Bayou with Garners Bayou. 

• Flood Plain Storage Reclamation Structure: This sheet-pile structure will be located in 
the channel of Greens Bayou a short distance upstream of the Forest Acres subdivision. 
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SECTION 1: INTRODUCTION 

• HCFCD Wetlands Bank: TIlls area of enhanced and man-made wetlands will retard runoff 
from an area bounded by Garners Bayou on the west, Beltway 8 to the north, and the 
Missouri Pacific Railroad to the south and east. 

1.6 Objectives of the Lower Greens Bayou Regional Detention System 

The major objectives of the proposed regional drainage system are as follows: 

1. to reduce peak flow rates downstream of the Garners Bayou confluence to levels which 
existed prior to the completion of recent roadway construction along Beltway 8, 
improvements to tributaIy channels P12l-00-00 and P127-00-00, and improvements to 
the channel of Greens Bayou between Ditch PI2l-00-00 and Garners Bayou; 

2. to provide for the development of 200 acres of new development within the Williams Gully 
sub-watershed of the Garners Bayou watershed without increasing downstream peak flow 
rates or water surface elevations above pre-project levels. 

1.7 Conditions Analyzedfor This Study 

A number of different watershed conditions have been analyzed in connection with this study. 
These conditions are as follows: 

• Pre-Project Conditions: Conditions which existed prior to the completion of Beltway 8 
and improvements to Ditch P12l-00-00, P127-00-00, and Greens Bayou. 

• Current Conditions: Conditions existing subsequent to the completion of Beltway 8 and 
improvements to Ditch P12l-00-00, P127-00-00, and Greens Bayou. 

• Phase I Detention: Current conditions plus the proposed flood plain storage reclamation 
structure upstream of the Forest Acres development. 

• Phase II Detention: Phase I Detention plus the first phase of construction on Basin 
P500-0 1-00. For this condition, a flood containment berm recommended for Basin P500-
01-00 is only partially constructed. 

• Full Detention: All detention facilities and measures fully implemented, including Basin 
P500-0l-00, Basin P500-03-00, the flood plain storage reclamation structure, and the 
HCFCD wetlands bank, plus 200 acres of new development in the Garners Bayou 
watershed. 

1.B Summary of Conclusions 

The results of the analysis indicate that the proposed regional detention plan will be effective 
in reducing lO-year and 100-year peak flow rates to pre-project levels. In the case of the 10-
year storm, a few flow rates between U.S. Highway 90 and Ditch Pl07 -00-00 remain slightly 
higher than pre-project levels. For the 100-year storm event, all computed peak flow rates 
downstream of the Garners Bayou-Greens Bayou confluence are less than corresponding pre
project values. Water surface profile computations indicate that 10-year water surface 
elevations may remain 0.01 foot to 0.02 foot above pre-project levels in limited areas, but that 
100-year water surface elevations will be lower than pre-project values at all points 
downstream of Garners Bayou. 
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SECTION 2: PRIMARY DETENTION SYSTEM COMPONENTS 

2. PRIMARY DETENTION SYSTEM COMPONENTS 

2.1 Regional Detention Basin PSOO-01-00 

2.1.1 Location and General Description of Basin P500-01-OO 

The proposed Basin P500-01-00 is an on-stream facility located between the confluences of 
Ditch PI21-00-00 and Ditch PI27-00-00 with Greens Bayou. The site is illustrated on 
Exhibit 4. Basin P500-0 1-00 covers a total of approximately 1,540 acres ofland. As indicated 
on Exhibit 5, natural ground on the P500-01-00 site slopes downward from west to east. 
Therefore, a low berm will be constructed along the southern and eastern sides of the 
property in order to contain flood waters within the detention site. For the first phase of 
construction on Basin P500-01-00, this berm will extend northward only as far as Garrett 
Road. Later, the berm will be extended to tie into high ground on the south side of Ditch 
PI27-00-00. The location of the berm relative to the channel of Greens Bayou may be seen on 
Exhibit 6, which illustrates a typical cross-section of the P500-01-00 facility. Flood storage is 
to be created on the P500-01-00 site through impoundment. No major excavation work will 
be completed for the purpose of creating storage volume. 

Flood waters will be discharged from the basin via two 25' x 25' box culverts and a 700-foot 
concrete overflow spillway. These structures are illustrated on Exlubits 7 and 8. Provisions 
are made in the design of the spillway to increase the crest elevation for all or part of the 
spillway length. 

2.1.2 Alternative Configurations Considered for Basin P500-01-00 

A number of alternative configurations were considered during the development of the 
recommended design for Basin P500-01-00. These configurations were considered in 
connection with efforts to maximize the effectiveness of the detention basin. These included 
the following: 

• Expand the size of the basin by acquiring adjacent upstream property, thereby increasing 
the potential storage volume by increasing both the basin surface area and the depth of 
ponding. 

• Construct an excavated diversion-type detention facility in the southern portion of Basin 
P500-0 1-00 to work in conjunction with the impoundment created by the proposed levee 
and discharge structure. 

• Construct levees along Greens Bayou upstream of the P500-01-00 site to contain 
increased flood levels and allow greater ponding elevations within Basin P500-01-00. 

• Improve the channel of Greens Bayou to a bottom width of 100 feet, thereby reducing the 
slope of the water surface profile through Basin P500-0 1-00 and allowing greater ponding 
depths in the southern portion of the basin without exceeding pre-project water surface 
elevations in upstream areas. . 

Cost considerations have made it impossible to include any of these alternatives in the 
recommended plan for Basin P500-01-00. However, each of them could be implemented in 
the future either singly or in combination with one or more other alternatives. 
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SECTION 2: PRIMARY DETENTION SYSTEM COMPONENTS 

2.2 Flood Plain Storage Reclamation Structure 

2.2.1 Location and Description of the Structure 

This facility consists of a steel sheet-pile structure to be constructed in the channel of Greens 
Bayou at stream station 973+00. As indicated on Exhibit 9, proposed widths of openings in 
the sheet piling range from 24 feet to 144 feet. Concrete slope paving and rip-rap will protect 
the Greens Bayou channel upstream and downstream of the structure. Exhibit 10 provides a 
plan view of the installation. 

2.2.2 Purpose of the Flood Plain Storage Reclamation Structure 

A large proportion of the land in the vicinity of the confluence of Greens Bayou· and Garners 
Bayou is low-lying and prone to flooding. When inundated during major storm events, this 
area provides a large amount of flood plain storage. The Greens Bayou channel improvements 
completed in the 1980's reduced lOO-year flood levels in this area and thus eliminated 
significant amounts of flood plain storage. In order to reclaim a portion of this flood plain 
storage, the proposed steel sheet-pile structure will be placed in the channel of Greens Bayou 
at approximately stream station 973+00. The structure will retard the progress of flood flows 
passing down Greens Bayou and increase flood elevations to levels between those 
corresponding to pre-project and current conditions. The accompanying increase in flood 
storage volume will serve to attenuate peak flow rates and alleviate flooding in downstream 
areas. 

2.3 Regional Detention Basin PSOO-03-00 

2.3.1 General Description of Basin P500-03-00 

The proposed site of Basin P500-03-00 lies immediately east of the confluence of Greens 
Bayou and Garners Bayou. As indicated on Exhibit 11, the detention basin, which covers 
approximately 185 acres, is to be located in the western portion of a larger tract of land which 
covers a total area of about 1,460 acres. Exhibit 12 provides general topographic data on the 
detention site. Exhibit 13 illustrates a typical cross-section of the facility. As indicated on 
these exhibits, Basin P500-03-00 is approximately 5,500 feet long and has a maximum width 
of about 1,800 feet. The basin will be surrounded by a low levee with side slopes of 4 
horizontal to 1 vertical (4:1) and a top width of 20 feet. The proposed internal side slope of the 
basin is also 4:1. Maintenance "shelves" 10-12 feet in width are provided on the interior 
slopes of the basin to provide access for maintenance vehicles and to improve slope stability 
and erosion resistance. The basin will be excavated to a depth of about 18-20 feet. Pilot 
channels with bottom widths of 20 feet and side slopes of 4 horizontal to 1 vertical will drain 
the bottom of the basin. 

2.3.2 Proposed Storm Water Diversion Structures 

F100d waters will be diverted into Basin P500-03-00 from Garners Bayou. F10w into the basin 
will be regulated by 3' x 3' x 24' box culverts. Energy dissipation requirements related to 
potential differences between external flood levels and internal basin water surface elevations 
will be satisfied using baflled chute spillways. Exhibits 14 through 16 illustrate the proposed 
configuration of the diversion structures. These exhibits show a 12-foot wide baflled chute 
with three 3' x 3' x 24' box culverts. Chute and baflle block dimensions are designed for a 
flow capacity of 25 cis per foot of chute width. This structure provides a diversion capacity of 
12 ft x 25 cfs/ft = 300 cis. This constitutes 10% of the required total diversion capacity of 
3,000 cis. Therefore, 10 of these structures are required in order to provide the total diversion 
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requirement. With three box culverts per structure, each culvert carries a maximum 100-year 
diversion flow of 100 cfs. 

2.3.3 Requirements for Connector Structures 

Two pipeline easements cross the proposed site of Basin P500-03-00. These easements 
effectively divide the basin into three parts. In order to minimize the differences in water 
surface elevations in each of the three parts, sufficient cross-drainage capacity must be 
provided. This may be accomplished by either of the following means: 

1. provide culverts to cany flow under the pipelines; 

2. adjust the pipelines downward in the immediate vicinity of the basin's pilot channel, 
thereby leaving unobstructed trapezoidal openings between the parts of the basin; 

3. adjust the pipelines downward over the entire width of the basin and excavating away the 
material between the parts of the basin, thereby forming a single-segment basin. 

For culvert connectors, it is recommended that the culverts have sufficient capacity to cany 
the proposed total diversion flow of 3,000 cfs at a head loss of 1.0 foot or less. This would 
require five 10' x 10' box culverts as indicated on Exhibit 17. The length of the culverts would 
vary from about 120 feet to about 180 feet. Adjusting the pipelines in the immediate vicinity 
of the pipelines would eliminate structural requirements beyond the possible need for slope 
protection on the slopes of the trapezoidal openings between the parts of the basin. Finally, 
adjusting the pipelines downward over the entire width of the basin would, in addition to 
completely eliminating all structural requirements, significantly increase the available 
detention storage volume within the basin. 

2.3.4 Discharge Structure Requirements 

The proposed discharge structure for Basin P500-03-00 consists of two 10' x 10' box culverts. 
As indicated on Exhibit 18, a flap gate will be required at the downstream end of each culvert 
to prevent bacldlows of storm water from Greens Bayou into the detention basin. Directly 
above the culverts is a depressed overflow section with a bottom elevation of 55.5 feet. The 
purpose of this section is to allow rapid equalization of water levels inside and outside Basin 
P500-03-00 under conditions in which overtopping of the perimeter levee is possible. While 
such conditions are not anticipated in connection with storm events up to and including a 
100-year frequency, provision of the overflow section is recommended as a safety measure 
which will protect the integrity and stability of the levee. 

2.3.5 Alternative Configurations Considered for Basin P500-03-<>O 

A number of alternative configurations were considered during the development of the 
recommended design for Basin P500-03-00. These configurations were considered in 
connection with efforts to maximize the effectiveness of the detention basin. These included 
berming only a portion of the basin, allowing a portion of the basin to act as flood plain 
storage only, and operating the basin as a multiple-level facility with a different water surface 
elevation in each segment of the facility. In addition, a number of diversion structures were 
investigated, including a straight drop (weir) overflow, drop inlet spillways, culvert spillways, 
and chute spillways. However, the recommended basin configuration yields the maximum 
effectiveness with respect to reductions in downstream peak flow rates. 
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2.4 Harris County Flood Control District Wetlands Bank 

2.4.1 Description of the Wetlands Bank Site 

The site of the proposed Harris County Flood Control District wetlands bank is illustrated on 
Exhibit 11. The total area on which wetlands will be created or enhanced is approximately 
1,000 acres. Wetlands creation and/or enhancement projects will be completed on the site in 
order to mitigate damage to wetlands associated with construction projects in Harris County. 
Wetlands areas will be created or enhanced through the construction of berms and other 
water-control facilities and modifications to existing topography to cause ponding of water at 
optimum depths for wetlands establishment. Plantings of wetlands vegetation will be used to 
accelerate the establishment of new wetlands areas. In order to utilize the beneficial aspects 
of wetlands with respect to water quality, it has been proposed that storm runofffrom the 
Beltway 8 system be directed through the wetlands bank. This measure will also help to 
ensure that a sufficient supply of water is available for creating and maintaining high-quality 
wetlands. 

2.4.2 Effects of the Wetlands Bank on Local Hydrology 

The proposed wetlands bank will have a pronounced impact on the rate and timing of storm 
runoff from areas draining through the site. The construction of berms and other water
control devices within the wetlands banking area will store storm water on the site and retard 
the progress of flows toward Garners and Greens Bayous. This will have the effect of reducing 
peak runoff rates from the wetlands bank and from those portions of Beltway 8 which are 
proposed to drain into the bank. In addition, peak flow rates from the wetlands banking site 
will occur significantly later in time with respect to peak flow rates from surrounding areas. 

Dodson & Associates, Inc. Document No. 95/005 6 



SECTION 3: HYDROLOGIC ANALYSIS OF THE GREENS BAYOU WATERSHED 

3. HYDROLOGIC ANALYSIS OF THE GREENS BAYOU WATERSHED 

3.1 Method of Analysis 

Hydrologic analyses of the Greens Bayou watershed are completed using the HEC-I computer 
program developed by the Hydrologic Engineering Center of the U.S. Army Corps of Engineers. 
The HEC-l provides the means for computing, routing, and combining runoffhydrographs 
from multiple sub-areas within a watershed. For this study, the effectiveness of the proposed 
regional detention system is evaluated by comparing the results of various HEC-l models 
which represent past, current, and future conditions within the Greens Bayou watershed.-

The base HEC-I modeling data used in this study was provided by the Harris County Flood 
Control District. The analytical methods primarily used in the base models of the Greens 
Bayou watershed include the Clark unit hydrograph method for computing runoff 
hydrographs and the Modified Puls method for routing hydrographs from point to point within 
the watershed. Clark unit hydrograph parameters are computed using the Harris County 
Standard Hydrologic Methodology. Storage-discharge data for the Modified Puls method are 
developed using HEC-2 computer models of Greens Bayou and major tributaries. Rainfall 
data used for 10-year and 100-year storm events was developed in the 1980's for the Harris 
County Flood Hazard Study. Infiltration losses are calculated using the exponential loss 
function with the percent impervious cover for urbanized areas assumed to average 35%. 

3.2 Alternative Ponding Adjust:ment Methodology 

The Harris County Standard Hydrologic Methodology provides a method for adjusting the 
Clark storage coefficient (R) to account for the rice farming or other land practices which 
retard storm runoff from reaching a major watercourse. The Harris County methodology 
relates the percentage of the total drainage area involved in rice farming or similar land 
practices to the a factor which used to adjust the storage coefficient. For this study, however, 
the ponding a<ljustment methodology described in the Dickinson Bayou Watershed Regional 
Drainage Plan Drainage Criteria Manual dated August 1992. The methodology developed for 
the Dickinson Bayou study is based on the same source material (U.S. Soil Conservation 
Service Technical Release No. 55, Urban Hydrology for Small Watersheds, Januazy 1975) 
utilized in developing the Harris County adjustment method. However, the method developed 
for the Dickinson Bayou study allows for a more precise evaluation of the effects of ponding. 

3.3 Description of HEC-1 Models Used in This Analysis 

• A total of 10 HEC-l models are used in this analysis. These models represent two storm 
events (la-year and 100-year) and five watershed conditions. The watershed conditions 
analyzed are as follows: 

• Pre-Project Conditions: Conditions which existed prior to the completion of Beltway 8 
and improvements to Ditch P121-00-00, P127-00-00, and Greens Bayou. 

• Current Conditions: Conditions existing subsequent to the completion of Beltway 8 and 
improvements to Ditch P121-00-00, P127-00-00, and Greens Bayou. 

• Phase I Detention: Current conditions plus the proposed flood plain storage reclamation 
structure upstream of the Forest Acres development. 
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• Phase II Detention: Phase I Detention plus the first phase of construction on Basin 
P500-01-00. For this condition, a flood containment berm recommended for Basin P500-
01-00 is only partially constructed. 

• Full Detention: All detention facilities and measures fully implemented, including Basin 
P500-01-00, Basin P500-03-00, the flood plain storage reclamation structure, and the 
HCFCD wetlands bank, plus 200 acres of new development in the Garners Bayou 
watershed. 

Exhibit 19 illustrates the boundaries of the Greens Bayou watershed and the boundaries of 
each sub-area included in the HEC-I computer models. Differences between the various 
watershed conditions analyzed for this study are reflected in the HEC-I models by modifying 
the hydrologic parameters of sub-areas affected by urban development or detention measures 
and by revising Modified PuIs storage routing data for affected routing reaches. The impacts 
of past or future changes in the lower Greens Bayou watershed may be determined by 
comparing the results obtained using the various HEC-1 computer models. 

3.4 Hydrologic Pa.rametersjor Sub-Watersheds in the Project Area 

The changes examined in this study with respect to urban development and proposed 
detention measures affect a total of 13 sub-areas included in the base HEC-1 models provided 
by the Harris County Flood Control District. One of these, sub-area PIOON, is divided for 
purposes of this analysis into two separate sub-areas designated PIOON1 and PIOON2. 
Another, sub-area P13002AB, represents a combination of sub-areas P13002A and PI3002B 
with corrections in the overall drainage boundary of the two sub-watersheds. 

The following tables provide a summary- of the hydrologic parameters used for each of the 
affected sub-areas. Table 1 presents hydrologic parameters for pre-project conditions. These 
conditions existed prior to the construction of Beltway through the project area, the 
completion of channel improvements to Ditch P121-00-00 and Ditch P127-00-00, and the 
completion of improvements to Greens Bayou between Ditch P121-00-00 and Garners Bayou. 

T~I~1;Sti:9f~Pa$ijJ:n~~i#'$:t"ol,'.P':#if.Pt6j¢i.#i¢O#Q$."lj9#$? ::::::::~; ;::}::}:::;::::.::;.::-::::;.,,: ... 
........ -....... ~.: ............ -..... 

Sub- A L Lea S So UD CI CC P TC RIO RlOo 
Area (sq.mi. (mi.) (mi.) (ft/mi) (ft/mi) (%) (%) (%) (%) (hr.) (hr.) (hr.) 

P133B 2.45 3.25 1.43 10.50 5 29.00 0 41 0 0.98 11.12 11.12 
P100K 3.34 3.11 1.16 2.80 16 0.00 0 52 0 1.67 9.56 9.56 
P130E 1.24 2.23 0.94 4.70 10 51.80 100 70 0 0.48 4.48 4.48 
P130F 1.35 2.15 0.88 6.50 10 0.00 100 80 0 0.45 5.98 5.98 
PI3002AB 3.08 3.23 1.59 4.28 8 12.10 100 100 0 1.01 8.92 8.92 
PI30G 2.25 3.69 1.74 7.52 10 8.60 0 60 0 1.49 7.45 7.45 
P100L 4.69 4.00 1.37 3.93 10 2.60 67.4 100 0 1.17 10.73 10.73 
P127A 1.58 3.32 1.58 2.81 10 16.10 74.9 100 0 1.49 10.25 10.25 
PI00M 2.21 3.33 1.84 8.41 10 3.40- 0 100 0 1.51 6.48 6.48 
P121A 1.32 2.77 1.77 3.01 10 2.30 41.8 100 0 2.05 8.04 8.04 
PI00Nl 1.46 2.97 1.92 3.59 10 20.80 0 80 0 2.4 8.49 8.49 
PI00N2 3.04 4.19 2.14 6.91 10 26.00 0 80 0 1.88 7.59 7.59 
P107A 1.98 4.42 1.95 4.04 10 12.40 61.7 100 0 1.69 10.95 10.95 
PI07B 4.28 5.05 2.64 5.73 10 22.2 0 50 0 2.62 17.62 17.62 
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Table 2 summarizes the parameters used for current conditions, which are defined as those 
conditions existing subsequent to the construction of Beltway through the project area, the 
completion of channel improvements to Ditch P121-00-00 and Ditch P127-00-00, and the 
completion of improvements to Greens Bayou between Ditch P121-00-00 and Garners Bayou. 
Differences between pre-project and current conditions sub-area parameters are attributable 
to these improvement projects. 

-;":}/::;:::::;:::{)\):\:\/{)) .. ib.···Taql~ .• ·.~ •• $li1ltN;~ear<Urit:l~i§forC"l.lP:'ep.tq9ri4itiori$> ........../\ 

Sub- A L Lea S So UD CI CC P TC RIo RlOo 
Area sq. mi. (mi.) (mi.) (ft/mi) (ft/mi) (0/0) (0/0) (0/0) (0/0) (hr.) (hr.) (hr.) 

P133B 2.40 3.25 1.46 10.50 5 29.7 0 41 0 1.00 10.91 10.91 
P100K 3.17 3.11 1.2 2.80 16 0 0 52 0 1.73 9.50 9.50 
P130E 1.17 2.23 0.8 4.70 10 55 100 70 0 0.40 4.36 4.36 
P130F 1.35 2.15 0.88 6.50 10 0 100 80 0 0.45 5.98 5.98 
P13002AB 3.08 3.23 1.59 4.28 8 12.1 100 100 0 1.01 8.92 8.92 
P130G 2.62 3.69 1.97 7.52 10 13.1 46.5 60 0 1.34 7.60 7.60 
P100L 4.69 4.00 1.37 3.80 10 2.6 100 100 0 0.95 11.09 11.09 
P127A 4.57 5.17 2.57 2.64 10 8.4 100 100 0 2.21 14.21 14.21 
P100M 2.21 3.33 1.84 8.41 10 3.4 24 100 0 1.35 6.64 6.64 
P121A 3.71 4.65 2.82 3.38 10 7.2 100 100 0 2.15 11.81 11.81 
P100N1 1.46 2.97 1.92 3.59 10 20.8 0 80 0 2.40 8.49 8.49 
PlOON2 2.39 3.96 2.04 7.44 10 33 0 80 0 1.70 5.84 5.84 
P107A --- --- --- --- --- --- --- --- --- --- --- ---
P107B 4.64 5.05 2.75 5.73 10 24.6 0 50 0 2.72 16.16 16.16 

Table 3 presents a listing of sub-area parameters for conditions which reflect the complete 
implementation of the proposed lower Greens Bayou regional detention system. Only sub
areas P130G, P100L, and P127A are changed with respect to current conditions. Changes 
made to the parameters for these sub-areas are directly related to the construction of Basin 
P500-03-00 and the Harris County Flood Control District wetlands bank. For example, areas 
within the perimeter of Basin P500-03-00 are subtracted from the drainage areas of the three 
sub-watersheds, and a portion of the wetlands bank currently draining to Ditch P127-00-00 is 
assumed to be diverted to Garners Bayou in order to keep as much water within the wetlands 
bank as possible. 
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Sub- A L Lea S So UD CI CC P TC RIO RlOO 
Area (sq.mi. (mi.) (mi.) (ft/mi) (ft/mi) (0/0) (0/0) (0/0) (%) (hr.) (hr.) (hr.) 

P133B 2.40 3.25 1.46 10.50 5 29.7 0 41 0 1.00 10.91 10.91 
PlOOK 3.17 3.11 1.2 2.80 16 0 0 52 0 1.73 9.50 9.50 
P130E 1.17 2.23 0.8 4.70 10 55 100 70 0 0.40 4.36 4.36 
P130F 1.35 2.15 0.88 6.50 10 0 100 80 0 0.45 5.98 5.98 
P13002AB 3.08 3.23 1.59 4.28 8 22.2 100 100 0 0.98 7.39 7.39 
P130G 2.53 3.69 1.97 7.52 10 13.6 46.5 60 11 1.34 8.47 8.22 
P100L 5.39 4.00 1.37 3.80 10 2.3 100 100 31 0.95 16.05 14.66 
P127A 3.67 5.17 2.20 2.64 10 10.5 100 100 0 1.86 14.56 14.56 
P100M 2.21 3.33 1.84 8.41 10 3.4 24 100 0 1.35 6.64 6.64 
P121A 3.71 4.65 2.82 3.38 10 7.2 100 100 0 2.15 11.81 11.81 
P100N1 1.46 2.97 1.92 3.59 10 20.8 0 80 0 2.40 8.49 8.49 
PlOON2 2.39 3.96 2.04 7.44 10 33 0 80 0 1.70 5.84 5.84 
P107A --- --- --- --- --- --- --- --- --- --- --- ---
PI07B 4.64 5.05 2.75 5.73 10 24.6 0 50 0 2.72 16.16 16.16 

Exhibits 20-22 illustrate the data developed for these sub-areas for pre-project, current, and 
proposed conditions, respectively. The particular parameters illustrated on these exhibits 
include the length, length to centroid, and area In addition, the boundaries of existing 
urbanized areas are indicated. 

3.5 Storage Routing Datafor Greens Bayou Below Ditch P138-00-00 

Exhibit 23 illustrates the extents of the twelve routing reaches for which storage-discharge 
are re-defined for each condition analyzed in this study. Table 4 presents a summaIy of the 
storage routing data developed for each routing reach and watershed condition. Routing 
volumes ~e computed using HEC-2 models of Greens Bayou which reflect each of the 
watershed conditions analyzed for this study. The number of routing steps used for each 
reach is determined by using HEC-2 results to compute the average travel time through the 
reach and dividing by the HEC-l computation interval of 15 minutes (0.25 hour). 
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·····Tabli'l4:@StotageRoutirigDatafdtRoutingReaches 1Ttlr<jiJgh6 i ······· . 

Reach #1: Station 15+00 to Station 202+41 No. of 
Flow Rate (cfs) 4500 9000 13500 18000 22500 27500 32500 37500 42500 Steps 
Pre-Project 1651 1710 1825 1934 2059 2242 2385 2524 2665 6 
Current 1651 1710 1825 1934 2059 2242 2385 2524 2665 6 
Phase 1 Detention 1651 1710 1825 1934 2059 2242 2385 2524 2665 6 
Phase 2 Detention 1651 1710 1825 1934 2059 2242 2385 2524 2665 6 
Full Detention 1651 1710 1825 1934 2059 2242 2385 2524 2665 6 
Reach #2: Station 202+41 to Station 402+75 No. of 
Flow Rate (cfs) 4500 9000 13500 18000 22500 27500 32500 37500 42500 Steps 
Pre-Project 870 1259 1735 2161 2582 3083 3622 4196 4811 5 
Current 870 1259 1735 216~ 2582 3083 3622 ·4196 4811 5 
Phase 1 Detention 870 1259 1735 2161 2582 3083 3622 4196 4811 5 
Phase 2 Detention 870 1259 1735 2161 2582 3083 3622 4196 4811 5 
Full Detention 870 1259 1735 2161 2582 3083 3622 4196 4811 5 
Reach #3: Station 402+75 to Station 454+46 No. of 
Flow Rate (ms) 4400 8800 13200 17600 22000 27000 32000 37000 42000 Steps 
Pre-Project 242 448 663 864 1061 1277 1486 1697 1913 2 
Current 242 448 663 864 1061 1277 1486 1697 1913 2 
Phase 1 Detention 242 448 663 864 1061 1277 1486 1697 1913 2 
Phase 2 Detention 242 448 663 864 1061 1277 1486 1697 1913 2 
Full Detention 242 448 663 864 1061 1277 1486 1697 1913 2 
Reach #4: Station 454+46 to Station 585+21 No. of 
Flow Rate (cfs) 4400 8800 13200 17600 22000 27000 32000 37000 42000 Steps 
Pre-Project 561 1126 1802 2446 3141 4037 5224 6581 8247 4 
CUrrent 561 1126 1802 2446 3141 4037 5224 6581 8247 4 
Phase 1 Detention 561 1126 1802 2446 3141 4037 5224 6581 8247 4 
Phase 2 Detention 561 1126 1802 2446 3141 4037 5224 6581 8247 4 
Full Detention 561 1126 1802 2446 3141 4037 5224 6581 8247 4 
Reach #5: Station 585+21 to Station 638+60 No. of 
Flow Rate (ms) 4300 8600 12900 17200 21500 26500 31500 36500 41500 Steps 
Pre-Project 342 658 901 1116 1322 1575 1877 2181 2502 3 
Current 342 658 901 1116 1322 1575 1877 2181 2502 3 
Phase 1 Detention 342 658 901 1116 1322 1575 1877 2181 2502 3 
Phase 2 Detention 342 658 901 1116 1322 1575 1877 2181 2502 3 
Full Detention 342 658 901 1116 1322 1575 1877 2181 2502 3 
Reach #6: Station 638+60 to Station 732+00 No. of 
Flow Rate (ms) 3400 6800 10200 13600 17000 20500 24000 27500 31000 Steps 
Pre-Project 333 697 1080 1526 2059 2806 3540 4175 4790 4 
Current 333 697 1079 1526 2058 2806 3539 4173 4788 4 
Phase 1 Detention 333 697 1079 1526 2058 2806 3539 4173 4788 4 
Phase 2 Detention 337 702 1084 1531 2064 2812 3545 4180 4796 4 
Full Detention 337 702 1084 1531 2064 2812 3545 4180 4796 . 4 

Table 5 presents storage routing data for routing reaches between Ditch Pl21-00-00 and 
Ditch PI38-00-00. Reaches 7 and 8 fall within the proposed Basin P500-01-00. Storage data 
for reach #9 has been acljusted to account for the presence of the proposed perimeter berm 
around Basin P500-03-00. 
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L·.···.·> i •• .••••••.•...•••.• ···Table5:Stt>rageRoutingiDatafo6Routing.Reaches7Tttroug012i··· :-:-;.::;:.:::.-: .. ;.::\::;:;::::; ....... 

Reach #7: Station 732+00 to Station 798+38 No. of 
Flow Rate (cfs) 3300 6600 9900 13200 16500 20000 23500 27000 30500 steps 
Pre-Project 198 313 425 529 634 773 969 1192 1467 2 
Current 179 282 385 483 582 698 851 1039 1250 2 
Phase 1 Detention 179 282 385 483 582 698 851 1039 1250 2 
Phase 2 Detention 181 291 414 553 730 993 1182 1349 1545 2 
Full Detention 181 291 414 553 730 1070 1407 1710 2177 2 
Reach #8: Station 798+38 to Station 861 +00 No. of 
Flow Rate (cfs) 3300 6600 9900 13200 16500 20000 23500 27000 30500 Steps 
Pre-Project 150 261 368 472 609 858 1150 1457 1931 2 
Current 113 201 288 373 462 593 790 1032 1282 2 
Phase 1 Detention 113 201 288 373 462 593 790 1032 1282 2 
Phase 2 Detention 114 205 303 415 585 871 1100 1302 1538 2 
Full Detention 114 205 303 415 585 945 1299 1601 1998 2 
Reach #9: Station 861 +00 to Station 1004+07 No. of 
Flow Rate (cfs) 3200 6400 9600 12800 16000 19500 23000 26500 30000 steps 
Pre-Project 294 493 676 955 1415 2108 3121 4156 5522 4 
Current 283 455 608 751 919 1248 1711 2386 3460 3 
Phase 1 Detention 307 474 632 793 1037 1422 2061 2837 3542 3 
Phase 2 Detention 307 475 636 804 1080 1501 2195 2910 3683 3 
Full Detention 307 475 636 803 1031 1339 1840 2719 3581 3 
Reach #10: Station 1 004+07 to Station 1116+22 No. of 
Flow Rate (cfs) 2300 4600 6900 9200 11500 14000 16500 19000 21500 steps 
Pre-Project 206 361 498 1113 2119 3292 4332 5053 5734 5 
Current 178 304 420 569 1059 1884 2865 3966 4921 4 
Phase 1 Detention 194 323 452 733 1380 2383 3700 4580 5013 4 
Phase 2 Detention 194 323 452 729 1404 2450 3782 4540 5042 4 
Full Detention 194 323 452 731 1407 2494 3918 5205 5919 4 
Reach #11: Station 1116+22 to Station 1222+88 No. of 
Flow Rate (cfs) 2300 4600 6900 9200 11500 14000 16500 19000 21500 Steps 
Pre-Project 172 284 396 807 1265 1778 2305 3198 3769 ·3 
Current 171 278 378 738 1193 1664 2175 3093 3688 3 
Phase 1 Detention 171 280 383 772 1212 1697 2242 3148 3696 3 
Phase 2 Detention 171 280 383 771 1214 1702 2250 3144 3698 3 
Full Detention 171 280 383 771 1214 1706 2265 3215 3791 3 
Reach #12: Station 1222+88 to Station 1321+51 No. of 
Flow Rate (cfs) 2200 4400 6600 8800 11000 13500 16000 18500 21000 Steps 
Pre-Project 189 302 398 539 891 1425 2212 3285 4130 3 
Current 189 300 395 535 887 1418 2202 3278 4125 3 
Phase 1 Detention 189 301 396 537 888 1420 2207 3282 4126 3 
Phase 2 Detention 189 301 396 537 888 1420 2208 3281 4126 3 
Full Detention 189 301 396 537 888 1421 2209 3287 4131 3 

3.6 Eleva.tion-Storage-Discharge Data for Basin PSOO-Ol-00 

Table 6 summarizes the relationship between water surface elevation, storage volume, and 
discharge for Basin P500-01-00. The storage volumes for the basin are set equal to the total 
volume computed for routing reaches 7 and 8 (see Table 5). Water surface elevations and ' 
discharge values are obtained from the multi-profile HEC-2 models used to generate the 
storage routing data presented in Table 4 and Table 5. 
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!GiE/ii.· ... · ... i ... · ······>Table6(Elevation~Slorag~Disch8rgeDataforBasinP500-0'f~00······· 
Detention Reach 7 Reach 8 Total WSEL@ WSEL@ 

Phase Discharge Volume Volume Volume Sta.733+20 Sta.861+00 
(cfs) (ac.-ft.) (ac.-ft.) (ac.-ft.) (feet) (feet) 

1 3300 179 113 292 20.50 27.79 
6600 282 201 483 24.75 31.75 
9900 385 288 673 28.36 34.83 

13200 483 373 856 31.28 37.41 
16500 582 462 1044 33.93 39.67 
20000 . 698 593 1291 36.65 41.82 
23500 851 790 1641 38.82 43.60 
27000 1039 1032 2071 40.43 45.06 
30500 1250 1282 2532 41.87 46.36 

2 3300 181 114 295 20.66 27.80 
6600 291 205 496 25.25 31.81 
9900 414 303 717 29.54 35.09 
13200 553 415 968 33.59 38.12 
16500 730 585 1315 37.73 41.14 
20000 993 871 1864 40.59 43.53 
23500 1182 1100 2282 41.87 44.96 
27000 1349 1302 2651 42.75 46.10 
30500 1545 1538 3083 43.52 47.10 

Full 3300 181 114 295 20.66 27.80 
6600 291 205 496 25.25 31.81 
9900 414 303 717 29.54 35.09 
13200 553 415 968 33.59 38.12 
16500 730 585 1315 37.73 41.14 
20000 1070 945 2015 41.23 43.88 
23500 1407 1299 2706 43.29 45.78 
27000 1710 1601 3311 44.34 46.96 
30500 2177 1998 4175 45.19 47.92 

3.7 Diversion Datafor Basin PSOO-03-00 

Table 7 provides a summary of the HEC-I diversion data used to represent Basin P500-03-00. 
This data was developed using rating curves developed at the upstream end of the box culvert 
diversion structures and at Garners Bayou cross-section 4382. HEC-2 computer models of 
the diversion structure and Garners Bayou were used to develop these rating curves. Exhibit 
24 illustrates the rating curves for the diversion structure and Garners Bayou. The Garners 
Bayou flow rates in the table represent various percentages of the 10-year as well as the 50-
year and 100-year peak flow rates from the HEC-2 model currently recognized by FEMA. 
These flow rates were used to computed the Garners Bayou water surface elevations given in 
the second column of the table. The diversion structure rating curve was then used to 
determine the diversion capacity corresponding to the Garners Bayou water surface elevation. 
The total flow rates in the final column of the table are equal to the sum of the Garners Bayou 
flow rate and the diversion capacity corresponding to each Garners Bayou water surface 
elevation. 
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SECTION 3: HYDROLOGIC ANALYSIS OFTHE GREENS BAYOU WATERSHED 

.. -.-, ..... ; .. 
····:<Table 7: ··DiversionDatafcjrBasirf?500"0~OQ/ 

Garners Garners Diversion Total 
Flow Rate WSEL Capacity Flow Rate 

(cfs) (cfs) (cfs) (cfs) 
0 34.50 0 0 

667 42.02 0 670 
1334 45.40 0 1330 
2001 47.85 0 2000 
2050 48.00 0 2050 
2668 49.81 660 3330 
3335 51.39 1440 4780 
4002 52.49 1920 5920 
5336 53.97 2480 7820 
6670 55.00 2840 9510 
8790 56.30 3230 12020 
10000 56.90 3380 13380 

In both the 10-year and 100-year full detention conditions HEC-I models of the Greens 
Bayou watershed, it is assumed that the diversion structure will operate without tailwater 
interference until the water surface elevation in Basin P500-03-00 submerges the tailwater 
supported by the proposed baffied chute spillway. This will occur at an elevation of 
approximately 52.0 feet. The total storage capacity of the basin at that elevation is about 
2,349 acre-feet. HEC-I results indicate that the basin water surface elevation will reach 52.0 
feet only for the 100-year storm event. 

At basin water surface elevations greater than 52.0 feet, the capacity of the diversion 
structure is reduced by tailwater submergence. Because it is difficult to fully account for the 
effects of this tailwater submergence when using the simple diversion capabilities available in 
the HEC-l program, external computations are used to estimate the amount of flood water 
which would be diverted into Basin P500-03-00 after the basin water surface reaches 52.0 
feet during the 100-year design storm event. The results of these computations indicate that 
approximately 417 acre-feet of water would be diverted into the basin under high tailwater 
conditions. This would put the maximum 100-year flood storage volume at 2,349 + 417 = 
2,766 acre-feet. Subtracting the anticipated storm runoff resulting from rainfall directly over 
the basin (assuming an ses curve number of SO yields 155 acre-feet for the ISS-acre basin) 
yields a net available diversion volume of 2,611 acre-feet for the 100-year storm event. 

3.8 Description of HEC-l Models Used in the Analysis 

A total often (10) HEC-I computer models are used in this analysis to represent the five 
different watershed conditions and two storm events (IO-year and 100-year) being studied. 
The following descriptions of the models provide a basic overview of the HEC-I modeling work 
completed in connection with this study. 

• PREIO.IHI &I PRElOO.IHl: These models represent pre-project conditions within the 
Greens Bayou watershed. 

• CURIO.IHI &I CURlOO.IHl: Current Greens Bayou watershed conditions are reflected in 
these models. 

• PHSI-IO.IHI &I PHSl-lOO.IHl: These models are the same as the current conditions 
models, with the exception that storage routing data are modified in order to account for 
the proposed flood plain storage reclamation structure at Greens Bayou station 973+00. 
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• PHS2-10.IHl 6; PHS2-100.IHl: These models reflect both the flood plain storage 
reclamation structure at stream station 973+00 and the existence of Basin P500-0 1-00 
with the flood containment berm extending only to Garrett Road. 

• FULL-IO.IHI 6; FULL-lOO.IHl: In these models, Basin 500-01-00, Basin P500-03-00, the 
flood plain storage reclamation structure, and the Harris County Flood Control District 
wetlands bank are all assumed to be fully implemented. 

3.9 Summary of Results for the lO-year Stonn Event 

Table 8 provides a summary of computed 10-year peak flow rates at a number of analysis 
points along Greens Bayou. As indicated, current conditions flow rates are significantly 
higher than corresponding pre-project values at a number oflocations along Greens Bayou. 
However, the proposed detention measures are effective in reducing 10-year peak flow rates to 
values which, for the most part, are less than pre-project rates. Only in the area between U.S. 
Highway 90 and Ditch Pl07-00-00 are full detention conditions flow rates higher than pre
corresponding project values. 

····.·········Table~:··· •• compJ.rted4~¥ear •• eet:\k.·F'IfY'#·.Rates·for.GiVen·.LOC8tlorlSllndWaterShedCorlditiOns· ..• 
Phase 1 Phase 2 Full 

Location Pre-Project Current Detention Detention Detention 
Below Ditch P138-00-00 12769 12770 12770 12770 12770 
At U.S. Highway 59 13052 13057 13056 13056 13054 
Above Ditch P133-00-00 13027 13066 13055 13053 13049 
Below Ditch P133-00-00 13620 13667 13652 13649 13643 
Above Garners Bayou (P130-00-00) 13210 13518 13349 13305 13267 
Garners Bayou Above P130-02-00 4699 4685 
Garners Bayou Below P130-02-00 6440 6424 
Gamers Bayou at Mouth 6253 6270/4247 

Below Garners Bayou (P130-00-00) 17329 18272 17930 17849 16225 
Above Ditch P127-00-00 17462 18601 18244 18155 16567 
Below Ditch P127 -00-00 17571 18974 18611 18517 16844 
Below Ditch P126-00-00 17675 19196 18822 18678 16982 
Above Ditch P125-00-00 17754 19338 18957 18762 17061 
Below Ditch P125-00-00 18041 19722 19330 19089 17379 
Below Ditch P121-00-00 18112 20042 19639 19363 17656 
Above Halls Bayou (P118-00-00) 18190 20134 19711 19408 17787 
Below Halls Bayou (P118-00-00) 23264 25534 24984 24393 23254 
At U.S. Highway 90 23620 25892 25338 24772 23639 
Above Ditch P110-00-00 23676 25978 25435 24893 23743 
Below Ditch P11 0-00-00 23743 26045 25502 24962 23812 
Below Ditch P109-00-00 23795 26097 25554 25016 23865 
Above Ditch P107-00-00 23815 26118 25576 25040 23888 
Below Ditch P107-00-00 24372 26454 25912 25384 24237 
At Interstate Highway 10 24505 26592 26052 25535 24390 
At Houston Ship Channel 24687 26774 26236 25722 24578 

Exhibit 25 illustrates computed 10-year runoffhydrographs for Garners Bayou and Greens 
Bayou at the confluence of those two streams. The exhibit effectively illustrates the impact of 
the proposed diversion into Basin P500-03-00 on combined hydrographs at the mouth of 
Garners Bayou. 
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3.10 Summary of Results for the lOa-year Stonn Event 

Table 9 provides a summary of computed lOO-year peak flow rates along Greens Bayou. As 
indicated in the table, current conditions peak flow rates are higher than corresponding pre
project conditions values at all points downstream of the Garners Bayou confluence. 
However, the results of the lOO-year HEC-I analysis indicate full implementation of the 
proposed regional detention plan will bring peak flow rates down to and even slightly below 
pre-project levels . 

.....• ··.Table9;Compoted.10();;Yeat PeaK Flow Rates forGiven LacationsandWatetshedConditions .. 
Phase 1 Phase 2 Full 

Location Pre-Project Current Detention Detention Detention 
Below Ditch P138-00-00 . 16807 16809 16809 16809 16809 
At U.S. Highway 59 16813 16815 16814 16814 16812 
Above Ditch P133-00-00 16835 16836 16833 16835 16824 
Below Ditch P133-00-00 17581 17592 17561 17559 17546 
Above Garners Bayou (P130-00-00) 17802 17645 17646 17682 17463 
Garners Bayou Above P130-02-00 7137 7108 
Garners Bayou Below P130-02-00 9581 9660 
Garners Bayou At Mouth 9723 9861/6967 

Below Garners Bayou (P130-00-00) 24400 24647 23795 23734 22869 
Above Ditch P127-00-00 24424 25040 24188 24138 22846 
Below Ditch P127-00-00 24566 25622 24746 24690 23187 
Below Ditch P126-00-00 24664 25876 24994 24939 23137 
Above Ditch P125-00-00 24730 26044 25161 25105 23091 
Below Ditch P125-00-00 25087 26574 25686 25624 23394 
Below Ditch P121-00-00 25172 27038 26150 26079 23673 
Above Halls Bayou (P118-00-00) 25288 27257 26359 26259 23668 
Below Hails Bayou (P118-00-00) 31548 35210 34230 33918 31171 
At U.S. Highway 90 31754 35674 34686 34312 31595 
Above Ditch P11 0-00-00 31792 35583 34641 34207 31648 
Below Ditch P11 0-00-00 31869 35675 34732 34295 31742 
Below Ditch P109-00-00 31929 35747 34804 34365 31815 
Above Ditch P107-00-00 31965 35778 34838 34395 31852 
Below Ditch P107-00-00 32644 36256 35317 34846 32341 
At Interstate Highway 10 32781 36373 35441 34959 32489 
At Houston Ship Channel 33025 36624 35694 35198 32750 

Exhibit 26 illustrate computed 100-year runofIhydrographs at the confluence of Greens 
Bayou and Garners Bayou. This exhibit reveals a discontinuity in the "after-diversion-
hydro graph for Garners Bayou. This discontinuity is the result of difficulties in defining a 
HEC-1 diversion relationship which adequately accounts for tailwater submergence. The 
hydrograph shown on Exhibit 26 illustrates the best fit possible considering the limitations of 
the HEC-1 diversion option. A better estimate of the actual "after-diversion" hydrograph is 
shown as a dashed line on Exhibit 26. This estimate is based on manual computations of 
diversions into Basin P500-03-00 under high tailwater conditions. 
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4. HYDRAULIC ANALYSES OF GREENS AND GARNERS BAYOUS 

4.1 Method of Analysis 

The HEC-2 computer program developed at the U.S. Army Corps of Engineers Hydrologic 
Engineering Center is used for all hydraulic analyses of Greens and Garners Bayous 
associated with this study. The base HEC-2 data used for all analyses was provided by the 
Harris County Flood Control District. Modifications have been made to the data as necessaxy 
to correct errors and discrepancies and to make the HEC-2 modeling data as accurate as 
possible with respect to the various conditions analyzed. 

4.2 Brief Description of Hydraulic Conditions Along Greens Bayou 

Greens Bayou runs from west to east across the north-central portion of Harris County. At its 
confluence with Garners Bayou, the channel of Greens Bayou turns southward, emptying into 
the Houston Ship Channe119 stream miles from the point where Garners Bayou enters from 
the northeast. Much of Greens Bayou has been channelized, especially in the portion of the 
watershed upstream of the Garners Bayou confluence. A channel improvement project 
completed by the Harris County Flood Control District in the mid-1980's involved cleaning 
out the channel from Ditch P12l-00-00 upstream to the Missouri-Pacific Railroad and 
widening the channel to a bottom width of60 feet from the Missouri-Pacific Railroad to 
Garners Bayou. 

4.3 Brief Description of Hydraulic Conditions Along Garners Bayou 

Garners Bayou is, along with Halls Bayou, one of the two major tributaries to Greens Bayou. 
Draining a total watershed area of approximately 32 square miles, Garners Bayou has, as 
does Greens Bayou, a largely improved channel. Past improvements have extended 
downstream as far as Beltway 8. The channel downstream of Beltway 8, however, is entirely 
unimproved. Currently, the channel upstream of Beltway 8 is for the most part improved, 
uniform, and in good hydraulic condition. Downstream of Beltway 8, the channel is 
unimproved and partially obstructed by vegetation. 

4.4 Description of HEC-2 Models Used in This Analysis 

A total of twelve (12) HEC-2 models are used in this analysis. Ten of these are models of 
Greens Bayou. Five are multi-profile (lO-year and lOO-year) models representing pre-project, 
current, phase 1 detention, phase 2 detention, and full detention conditions within the 
Greens Bayou watershed. The other five are corresponding storage-discharge models used to 
compute Modified PuIs routing data for use in HEC-l models of the watershed. The HEC-2 
models used in this analysis represent that portion of Greens Bayou extending from the 
Houston Ship Channel upstream to stream station 1321+51, which is near the confluence of 
Greens Bayou and Ditch P138-00-00. The following bri,ef descriptions of the HEC-2 models 
provide an overview of the conditions represented in each. 

• PlOOPRE.IH2 &I PlOOPRSQ.IH2 (Pre-Project): These models represent pre-project 
conditions along Greens Bayou. The improvements to Greens Bayou completed in the 
mid-1980's are not included. 

• PlOOCUR.IH2 &I PlOOCUSQ.IH2 (Current): These HEC-2 models represent, current 
conditions along Greens Bayou. Improvements to the channel of Greens Bayou between 
the Missouri Pacific Railroad and Garners Bayou are modeled using the Channel 
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Improvement Option of the HEC-2 computer program. The clean-out of the Greens Bayou 
channel from the Missouri Pacific Railroad downstream to Ditch P121-00-00 is reflected 
through a reduction in the Manning roughness coefficient to 0.03S. 

• PlOOPHSl.IH2 & PlOOPlSQ.IH2 (Phase 1): These models are the same as the current 
conditions models, with the exception that the proposed sheet pile flood plain storage 
reclamation structure is included at cross-section 97300. 

• PlOOPHS2.IH2 & PlOOP2SQ.IH2 (Phase 2): In these models, the first phase of Basin 
PSOO-O 1-00 is included by modeling the proposed discharge structure at cross-section 
73320. The Special Bridge Method is used to represent the discharge structure. The 
existence of the proposed flood water containment berm is reflected on GR records and 
through the use ofX3 encroachments. The flood plain storage reclamation structure 
proposed to be located at stream station 973+00 is also included in these models. 

• PlOOFULL.IH2 & PlOOFLSQ.IH2 (Full Detention): The full detention models reflect the 
extension of the Basin PSOO-O 1-00 flood containment berm northward to Ditch P 121-00-
00 and an adjustment in the crest of the discharge structure overflow weir. . The flood 
plain storage reclamation structure proposed to be located at stream station 973+00 is 
also included in these models. In addition, the presence of Basin PSOO-03-00 is reflected 
through the use of NH records and high Manning roughness coefficients (n=99) to 
eliminate ineffective flow areas attributable to the proposed PSOO-03-00 perimeter berm. 
Losses in storage volume due to the presence of the perimeter berm are computed 
external from HEC-2, and the storage volumes computed using computer model 
PI00FLSQ.IH2 are adjusted manually to account for the loss. The presence of the 
proposed wetlands bank is accounted for by increasing Manning roughness coefficients to 
0.20 to reflect berms and heavy vegetation. 

The remaining two models represent Garners Bayou for pre-project and full detention 
conditions. The file names assigned to these models are PI30PRE.IH2 and P130DET.IH2, 
respectively. Only these two conditions are represented in modeling efforts for Garners Bayou 
because only minor changes in peak flow rates in the lower reaches of Garners Bayou are 
associated with current, phase 1 detention, and phase 2 detention conditions. Only the full 
detention condition, which involves the construction of Basin PSOO-03-00 within the flood 
plain of Garners Bayou and increased urban development in the Williams Gully watershed, 
represents a significant potential with respect to impacts on Garners Bayou flood levels. The 
full detention conditions model reflects the presence of Basin PSOO-03-00 in the left overbank 
area of the channel and accounts for changes in flow rates at the proposed diversion point, 
which coincides closely with cross-section 4382. The Garners Bayou HEC-2 models 
developed for this study represent that portion of Garners Bayou between Greens Bayou and 
the confluence of Garners Bayou and Williams Gully. 

4.5 Summary of HEC-2 Modeling Resultsfor Greens Bayou 

Tables 10 and 11 present a summary of HEC-2 modeling results for lO-year and 100-year 
storm events along Greens Bayou. Exhibits 27 and 28 illustrate corresponding computed 
water surface profiles. HEC-2 modeling results for the 10-year storm event indicate that each 
phase of the proposed regional detention plan plays a significant role in reducing flood levels 
downstream of Basin PSOO-01-00. With full implementation of the detention plan, computed 
10-year water surface elevations are at or below corresponding pre-project values with the 
exception of only three of the locations included in Table 10: U.S. Highway 90, the Southern 
Pacific Railroad, and Greenriver Drive. Proposed water surface elevations at these locations 
are 0.01 foot to 0.02 foot higher than pre-project conditions values. 
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i···.l'abl:e·10( •••• Compllted·10"Y:ear·WaterSort~.·EleYationsiri§@el$·.~a.yQo.·.'tjt·~~veriCQttdltj()n@\!x •• 
HEC-2 Computed Water Surface Elevations (feet) 
Cross- Pre- Phase 1 Phase 2 Full 

Location Station Project Current Detention Detention Detention 
Port Terminal Railroad 16098 8.29 9.05 8.84 8.63 8.26 
Missouri Pacific Railroad 16704 8.81 9.56 9.36 9.15 8.77 
Market Street 17707 9.15 9.88 9.68 9.48 9.11 
Interstate Highway 10 20399 10.24 10.96 10.77 10.58 10.21 
Normandy Drive 25978 13.16 13.88 13.70 13.51 13.12 
Wallisville Road 43337 22.95 23.99 23.73 23.48 22.91 
FM526 45446 23.87 24.95 24.68 24.42 23.83 
South Lake Houston Parkway 45726 23.94 25.03 24.76 24.50 23.91 
U.S. Highway 90 58451 31.17 32.39 32.11 31.82 31.18 
Southem Pacific Railroad 58532 31.24 32.46 32.18 31.89 31.25 
Greenriver Drive 63892 32.24 33.63 33.31 32.98 32.26 
TIdwell Road 69594 34.25 35.66 35.34 35.03 34.20 
Upstream of P500-01-00 86100 43.50 41.45 41.22 42.95 42.04 
North Lake Houston Parkway 87493 44.84 42.55 42.33 43.70 42.80 
Missouri Pacific Railroad 90794 49.00 45.50 45.30 46.05 45.14 
Upstream of Restrictor 97310 52.87 50.42 51.82 51.93 51.04 
At P500-03-00 100307 54.28 51.97 53.01 53.09 52.17 
Southem Pacific Railroad 118643 60.50 60.47 60.48 60.48 60.46 
Homestead Road 120750 61.97 61.96 61.96 61.96 61.95 
U.S. Highway 59 122332 63.27 63.27 63.27 63.27 63.26 

For the 100-year storm, proposed conditions water surface elevations are at or below 
corresponding pre-project elevations at all locations included in Table 11. This confirms that 
the proposed detention plan is effective in reducing downstream peak flow rates and flood 
levels. 
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rablet1:Compu~e(j1()();,Ye<:ltWaterSUrface Elevafions·.inGreensBayouforGiven.C¢ndition 
HEC-2 Computed Water Surface Elevations (feet) 
Cross- Pre- Phase 1 Phase 2 Full 

Location Station Project Current Detention Detention Detention 
Port Terminal Railroad 16098 10.49 11.19 11.02 10.92 10.44 
Missouri Pacific Railroad 16704 11.08 11.83 11.64 11.54 11.02 
Market Street 17707 11.40 12.15 11.96 11.86 11.34 
Interstate Highway 10 20399 12.59 13.41 13.20 13.09 12.52 
Normandy Drive 25978 15.65 16.55 16.33 16.21 15.58 
Wallisville Road 43337 26.73 28.16 27.81 27.62 26.62 
FM526 45446 27.73 29.21 28.84 28.66 27.63 
South Lake Houston Parkway 45726 28.00 29.41 29.06 28.89 27.91 
U.S. Highway 90 58451 35.12 36.44 36.13 35.98 35.06 
Southern Pacific Railroad 58532 35.19 36.47 36.20 36.05 35.13 
Greenriver Drive 63892 36.46 37.76 37.48 37.33 36.40 
Tidwell Road 69594 38.55 39.76 39.44 39.32 38.31 
Upstream of P500-01-00 86100 46.72 44.75 44.42 45.55 45.69 
North Lake Houston Parkway 87493 48.14 45.72 45.39 46.32 46.36 
Missouri Pacific Railroad 90794 52.20 48.88 48.50 49.03 48.79 
Upstream of Restrictor 97310 55.63 53.60 55.37 55.35 54.55 
At Basin P500-03-00 100307 56.49 55.08 56.12 56.11 55.61 
Southern Pacific Railroad 118643 63.04 62.98 63.02 63.02 62.99 
Homestead Road 120750 64.72 64.67 64.70 64.70 64.68 
U.S. Highway 59 122332 66.52 66.49 66.51 66.51 66.49 

4.6 Summary of HEC-2 Modeling Results for Garners Bayou 

One of the major concerns associated with the provision of storage volume in Basin P500-03-
00 for 200 acres of new development in the Williams Gully watershed is the potential for 
increases in flood levels along Garners Bayou between the Williams Gully confluence and the 
P500-03-00 diversion structure. However, the results of the HEC-2 analysis indicate that 
proposed conditions water surface elevations are lower than pre-project values at all points 
downstream of Williams Gully. Exhibit 29 illustrates computed 10-year and IOO-year water 
surface profiles for pre-project and full detention conditions along Garners Bayou. Table 12 
presents a summary of computed water surface elevations in the lower reaches of Garners 
Bayou. 

Dodson & Associates, Inc. Document No. 95/005 20 



SECTION 4: HYDRAULIC ANALYSIS OF GREENS AND GARNERS BAYOUS 

·····TabfEt12UComptitedWaterSurfaceElevatiQi1$ .. ill.(3amersBayou>· 
HEC-2 Computed Water Surface Elevations (feet) 
Cross- Pre-Project Full Detention Pre-Project Full Detention 
Section 10-Year 10-Year Difference 100-Year 100-Year Difference 

158 51.32 49.43 -1.89 52.53 52.37 -0.16 
2481 53.26 51.55 -1.71 54.49 54.29 -0.20 
4382 54.25 52.83 -1.42 55.49 55.20 -0.29 
5222 54.69 53.58 -1.11 55.84 55.64 -0.20 
6600 55.63 55.41 -0.22 56.67 56.59 -0.08 
6659 55.72 55.57 -0.15 56.66 56.58 -0.08 
6709 55.72 55.57 -0.15 56.66 56.58 -0.08 
6814 55.74 55.59 -0.15 56.69 56.62 -0.07 
6919 55.75 55.60 -0.15 56.69 56.62 -0.07 
6969 55.75 55.60 -0.15 56.69 56.62 -0.07 
7063 55.79 55.64 -0.15 56.77 56.70 -0.07 
8192 55.92 55.78 -0.14 56.93 56.88 -0.05 
9670 56.31 56.20 -0.11 57.46 57.43 -0.03 
11835 57.05 56.98 -0.07 58.25 58.24 -0.01 
12785 57.41 57.35 -0.06 58.73 58.72 -0.01 
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- B. Data Gathering and Assessments 

In order to accurately evaluate the extensive physical, 
chemical, and biological changes that would occur as the 
bank develops and matures, it was necessary to gather data 
about characteristics of the site from both current and 
historical perspectives. 

The data gathering process evolved over an approximate two
year period, beginning with the initial wetland analysis 
and delineation, continuing through the most recent surveys 
of the property. As a result, the site was surveyed and 
mapped in sUbstantial detail for wetland patterns and 
types, vegetation diversity and coverage, soil patterns and 
types, and wildlife diversity and abundance, including 
avian species as well as certain mammals and reptiles. 

The data gathered during these surveys provided baseline 
information that has been fundamental for evaluating 
present wetland functions and values, habitat diversity, 
and enhancement potential. By evaluating the site at these 
baseline levels, conceptual design for future gains in 
functions and values have been optimized, and detailed 
historical records have been created. 

The scope of this data gathering and assessment was to 
perform and evaluate surveys and models of the proposed 
Greens Bayou Regional Detention and Wetlands Mitigation 
Bank. The specific tasks were as follows: 

- Existing Wetlands Delineation - Determine 
jurisdictional wetlands onsite based 
hydrology, and vegetative characteristics. 

the existing 
on soil, 

- Avian/Wildlife Service Observe, document, and 
evaluate avian species that reside, breed, or migrate 
at the project site. Perform additional observations 
of mammals, reptiles, and amphibians and document the 
findings. 

- Soil Survey - Perform comprehensive on-site testing, 
evaluation, and taxonomic referencing of soil 
conditions through the project site, and prepare a soil 
survey map of delineated trends. 

- Vegetation Survey Perform on-site surveys and 
historical reviews of vegetation composition throughout 
the project site, evaluate and identify typical plant 
associations and trends, and prepare a vegetation 
survey map of delineated patterns. 

- Topographic Survev Perform an aerial survey to 
determine existing topographic conditions. This 
information 1S to be used to determine existing 
hydrology patterns and to evaluate design alternatives 
to create and enhance wetlands on-site. 

-11-



-

- Water Budget - Perform the SWRRBWQ Model (Simulator for 
Water Resources in Rural Basins - Water Quality) for 
the site to evaluate surface hydrology, runoff 
potential, and ponding tendencies that can be utilized 
in wetland designs. 

-12-
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1. Existing Wetlands Delineation 

The long term goal of the mitigation bank project is to 
create wetland habitats by enhancing the existing lower 
quality wetlands, preserving existing pristine wetland 
areas, and creating new wetlands from existing uplands. 

since the creation of the mitigation bank will 
ultimately result in the conversion of many upland 
areas to wetland habitats, a baseline record of the 
site's current features is required in order to 
evaluate and monitor the changes and enhancements to 
habitat quality that will result from the conversion of 
the site to a dominantly wetland environment. 
Therefore, careful consideration must be given to the 
conditions that currently exist on the property; that 
is, the biological, geological, and hydrological 
features of the site that exist prior to commencement 
of project construction and development. 

The project site presents a diverse blend of habitats 
consisting of dominantly mixed hardwood and pine 
forests that occupy approximately 75-80% of the 
property. The remainder of the site contains largely 
open grass prairies, the majority of which are found in 
two large sections on the east and north-central 
portions of the site. 

Interspersed throughout the bank site are approximately 
382 acres of wetlands that exist primarily in a network 
of relict stream meander scars that form the majority 
of topographic lows on the site. Several large 
prominent depressions lie within this system to form 
the more pristine wetland habitats on the site. 

A previous Wetland Assessment study was performed for 
the mitigation bank property in March 1993 by 
W. K. Berg & Associates, Inc. for HCFCD. Some of the 
information presented in the report has been used as 
reference data for portions of this Baseline Ecological 
Assessment. 

-13-
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SUMMARy 

The Garners Bayou Mitigation Site contains a number of different ecological habitats and plant communities 
and harbors a corresponding diversity of bird species. Seventy-four (74)specieswererecordedinfive visits to the 
site during the months of January/February 1994. The species identified were those to be expected for the 
region during the winter season. 

Construction of additional wetlands on the site in question would be expected to increase the use by various 
waterfowl. Several species of ducks could be attracted to the ponds in winter; herons. rails and gallinules, and 
other marsh birds would probably inhabit the vegetated margins of the ponds. 

A checklist of the birds observed during the winter season and their numbers is appended to this report. Also 
included is a list of potential nesting birds based on their known breeding ranges and the habitat presently 
available. 

I. To conduct a census of the bird species utilizing the Garners Bayou Mitigation Site during January/February 
1994. 

2. To determine the bird species and their numbers in each of the different habitat types on the Garners Bayou 
tract. 

3. To construct a list of potential nesting species based on habitats currently available. 

4. To predict the effect on bird populations of increasing the number and size of ponds and other wetland 
habitats. 

5. To suggest appropriate cover and food plants to attract birds to the various upland and wetland habitats. 



CONCLUSIONS 

1. Diversity of ecological habitats on the Garners Bayou Mitigation Site is high, with an attendant diversity 
of bird species . 

2. Seventy-four (74) species of birds were observed on the tract during January/February 1994. A list of these 
species and their daily numbers is appended to this report. 

3. No extremely rare or unusual birds were detected. Most species to be expected in the area were observed 
in normal numbers. 

4. The majority of the upland song birds were present in the small mixed feeding flocks that range widely 
through the deciduous and pine woodlands. This is the normal behavior for these birds during the winter 
months. 

5. Several hawks, owls, and pileated woodpeckers were observed, indicating a rather productive woodland 
habitat with adequate food reserves. 

6. Only a few ducks and other waterfowl were observed, primarily in water-filled ditches and along Greens and 
Garners bayous. Many of the small ponds on the tract are too heavily wooded to attract most waterfowl 
species. 

7. Increasing the number and size of ponds and other wetland habitats could be expected to increase the 
number of water birds. These wetlands would provide wintering grounds for ducks as well as feeding areas and 
potential nest sites for herons and other wading birds, rails and gallinules, and such marsh dwellers as 
red-winged blackbirds, common yell owthroats , and marsh wrens. 

8. Selected grasses and other native plants could be planted around wetland areas to provide cover and food, 
thereby increasing bird populations. Similarly, planting of fruiting trees in upland areas would attract 
additional birds, particularly during migration. 

A list of potential nesting birds was constructed based on the known ranges of these birds within the region 
and the habi-ats presently available on the Garners Bayou tract. It is unlikely, however, that all of these 
species are present during the breeding season. While some birds are year-round residents of Harris County, 
many others spend only the winter or summer months. Still others pass through eastern Texas during their 
spring and fall migrations. Another census should be conducted in early summer to determine the current 
status of nesting species. 



SITE DESCRIPTION 

The Garners Bayou Mitigation Site is located within the northeastern corner of Beltway 8 that circles Houston, 
Texas. That beltway serves as the northern boundary of the site, while the Beaumon-, Sour Lake, and Western 
Railway track borders the property on the east. Garners Bayou and Greens Bayou downstream from its 
junction with Garners Bayou provide the western boundary- Lockwood Road cuts across the northeastern 
corner of the tract; several power-line and pipeline corridors -ransect the remainder of the property. 

Much of the site is presently a mixed hardwood/pine Woodland, with pines predominating in the northwestern 
portion. Although some large timber remains, the tract has been logged extensively. Open, marshy areas occur 
at lower elevations, and several ponds and oxbows provide permanent water. The utility corridors; the 
northeastern comer bordered by Beltway 8, Lockwood Road, and the railroad track; and the mowed bank of 
Greens Bayou offer open, grassy areas attractive to many species of birds. Brushy woodland borders, 
particularly along the railroad track, harbor wintering sparrows and other species that prefer thicket habitats. 

This vegetational diversity provides habitats for a wide range of bird species. Most of the expected winter birds 
were encountered during the period of this survey. 

SEASONAL INFLUENCES 

Some birds are permanent residents of the region and doubtless remain year-round on or near the tract in 
question. Many others, however, occur only during certain seasons of the year. Some are breeding summer 
residents, departing for the American tropics in the fall and returning again in spring. Their places are taken 
in winter by other species that move southward from more northern 
latitudes. In addition to these nesting and wintering populations, there are many other birds that appear only 
during the spring and fall migrations as they move from the North to the American tropics and backagain. 

Birds migrate with the seasons to ensure adequate food supplies, not in response to cold weather, although 
the latter factor is of secondary importance. Thus most of the flycatchers, warblers, thrushes, orioles, buntings, 
tanagers, grosbeaks, and other avian families that feed largely on insects and fruits spend our winter months 
in Central and South America. These -neotropical migrants" are replaced in Texas during that season by 
numerous sparrows, finches, blackbirds, and others that subsist primarily on seeds and the occasional insects 
and berries still available. 

Species diversity reaches its maximum during spring and fall migrations when numerous long-distance migrants 
cross eastern Texas, mixing with both summer and winter residents. These migrations are particularly difficult 
to survey, however, for they are highly dependent on local weather. Birds moving northward across the Gulf 
of Mexico in spring congregate along the Texas coast in enormous numbers when they have battled strong 
headwinds or rain produced by an advancing weather system. Upon reaching land, they then drop into the 
nearest shelter to rest and feed, fiIling the trees and bushes. Flying through clear skies or with a following 
wind, on the other hand, migrants may continue far inland before stopping. Thus on warm, clear spring days, 
only small numbers of arriving migrants will be seen in coastal counties. 

A Birder's Checklist of the Upper Texas Coast lists more than 400 species for the six-county area centered 
around Houston. With the exception of those species that seldom stray from salt water, virtually any of those 
400 birds might occur on the survey site over a period of several years. The creation of a year-round checklist 
would thus be a long-term project. 



Wintering and nesting population are easier to assess and are probably of greater importance in terms of avian 
survival- They are essentially independent of weather. more limited in scope. and less likely to change 
dramatically from year to year. There is always the possibility. however. that previously undetected birds might 
be present in a given year, particularly as habitat changes occur. 

The authors of this survey, conducted in January/February 1994. found seventy-four (74) bird species on the 
Garners Bayou Mitigation Site. A few species would undoubtedly be added by further surveys. but most of the 
expected birds were encountered. The attached list should provide good baseline data for evaluation of the 
tract as a wintering ground for local bird populations. 

Summer 

A list of potential nesting birds is also appended to this report. It was constructed from area checklists of 
breeding birds and the habitats presently available on the mitigation site. Some of those species (*) were also 
encountered on the winter survey and are likely to be year-round residents. Others wiII not arrive until spring. 
It must be noted that this is a hypothetical list, based on the experience of the authors. In order to have good 
baseline data on breeding birds, we suggest conducting another population survey during the nesting season, 
perhaps in early June. 

SURVEY METHODS 

The attached bird checklist was compiled by the two authors during five visits to the Garners Bayou site. These 
occurred on January 10,12, and 31 and on February 3 and 6,1994. As far as possible, sunny days with little 
wind were selected, although some rain was encountered. Tempera-ures varied from near freezing to 70 
degrees, with dramatic fluctuations from day to day. During favorable winter weather, the small woodland birds 
are likely to be more active and vocal and large raptors are more likely to be on the wing. Bird counts thus 
tend to be higher on clear, still days. 

Schematic maps appended to this report show the route taken on each census day. Bird numbers can thus be 
traced to particular sec-ions of the tract or to particular habitats. Some species were recorded only once 
during the census period; many others were present in good numbers every day. The daily numbers for each 
species are shown on the checklist. 

Utility corridors, woodland trails, the railroad track, and Lockwood Road provided access to various segments 
of the site, and all sections were covered on one or more days. The authors moved slowly along these routes 
and through the woods, observing the birds with IOx40 Zeiss and 8x36 Bausch and Lomb binoculars. Several 
species were also identified and counted by hearing their characteristic songs and calls. 

Tape recordings of an eastern screech-owl were used to attract many of the birds and entice them from dense 
cover. Such recordings are particularly effective with sparrows, wrens, and many of the small woodland birds 
that travel in mixed, wideranging feeding flocks. The "mobbing- of owls by other birds is a well-documented 
behavior. In addition, the vocal squeaks and chips routinely used by birders lured many secretive birds into 
closer range. 

MNOR HABITATS 

It is possible to make some general statements about bird populations in specific habitats; however. many of 
the species roam widely through the surrounding area and may occur in several ecological niches. They may 
also be present in a particular tract one day and absent the next. This is especially true during the winter 
season, when birds must range widely in search of food. Resident species are much more stable during the 



breeding season, when they establish and defend specific territories and can be found there day after day. 

The most abundant inhabitants of the deciduous and mixed woodlands were small songbirds that congregate 
in mixed flocks to troop through the trees in search of food. Such cooperative behavior apparently allows the 
flock to investigate more territory in search of new resources and to avoid covering niches already explored 
by other individuals. Periodic use of screech-owl tape recordings lured these flocks into range, sometimes 
within a few feet of the observers. 

Most abundant and vocal of the mixed-flock birds were Carolina chickadees and ruby-crowned kinglets. With 
them were smaller numbers of tufted titmice, golden-crowned kinglets, blue-gray gnatcatchers, solitary vireos, 
orange-crowned warblers, yellowrumped warblers, pine warblers, eastern phoebes, and an occasional hermit 
thrush, downy woodpecker, and yellow-bellied sapsucker. A single brown creeper was discovered with one 
flock. 

Also present, but less inclined to congregate with others, were numerous blue jays, northern cardinals, and 
brown thrashers. American robins and cedar waxwings were observed feeding on the abundant fruits of yaupon 
and American holly, while American goldfinches and a pine siskin fed among flowering red maples. 
At least one pair of red-bellied woodpeckers and a pair of pileated woodpeckers appear to be resident in the 
woodlands, and two different pairs of red-shouldered hawks were sighted on one occasion. The presence of 
the latter raptors suggests a fairly stable and productive environment. 

Pine Wnndl"M 

Small pines predominate in some sections of the woodland tracts, particularly in the northwestern comer of 
the site. In general, these tend to be less productive for birds than the deciduous or mixed woodlands. Several 
of the small, mixed songbird flocks were located among the pines, however, and chickadees were particularly 
common. 

A number of pine warblers were found in the wooded areas during the survey, and some of these are likely 
to remain as breeding residents. This species, as its name suggests, is strongly tied to a pine-forest habitat, 
particularly during the nesting season. It is thus a species that would decline if the pines were cleared for 
wetland creation. Most of the other avian species p-efer bottomland hardwoods as nesting sites and would 
be affected to a lesser extent. 

Thickets !IDd lkusby f4<¥s 

Several bird species prefer the dense cover of shrubby thickets overgrown with vines and briar tangles to the 
relatively open woodlands with reduced understory vegetation. Such habitats are present along the edges of 
the woodlands, where they border the utility corridors and bayous, and along the railroad track. Particularly 
common in this environment were several species of native sparrows, dark-eyed juncos, gray catbirds, Carolina 
and house wrens and northern cardinals. 
and will move northward in the spring. Other birds, however, will nest preferentially in such thicket habitats 
during the summer months. To maintain maximum avian diversity, it is important to preserve, and perhaps 
even create, shrubby thickets along boundaries between woodlands and open, grassy areas. 

Several bird species prefer open, grassy habitats to more wooded environments. These are provided on the 
Garners Bayou site by the long-grass field east of Lockwood Road, the southern portion of the tract along the 
west side of Lockwood Road, and the utility corridors that - ransect the property. 



Red-tailed hawks, turkey vultures, and black vultures were seen regularly hunting over the open areas and 
perching on the powerline towers or in trees along the woodland edges. Great blue herons and great egrets 
were also seen in the wet portions of the clearings and in water-filled ditches. Mourning doves, feral rock 
doves, killdeer, American crows,American pipits, Savannah sparrows, red-winged blackbirds, common grackles, 
and brown-headed cowbirds made up the bulk of birds encountered in the grassland tracts. 

The field east of Lockwood Road, in the northeastern corner of the site, provides a unique· habitat. Although 
it did not harbor many bird species, it contained the majority of the sedge wrens and swamp sparrows, species 
that prefer wet, marshy grasslands and thickets. Both are winter residents and will not be present during the 
breeding season. A very large flock of eastern meadowlarks was also discovered foraging in the field. 

Poods and Bayous 

Only a few waterfowl were encountered during the survey. Doublecrested cormorants and lesser scaup were 
present on Greens Bayou, and a pair of buffleheads flushed from Garners Bayou near its junction with Greens 
Bayou. A pair of wood ducks occupied a woodland pond along the railroad track, and another wood duck and 
a green-winged teal were discovered in a water-filled ditch along the track. A single flock of snow geese flew 
overhead on one day of the survey but did not land. 

Most of the ponds on the property are too heavily wooded to provide favorable habitats for any waterfowl 
except wood ducks. In addition, the fast-flowing bayous provide little food or cover. Thus, it appears unlikely 
that the Garners Bayou site would presently attract significant numbers of waterfowl. 

It should be noted, however, that smaller songbirds were present in considerable numbers in the long grasses 
and shrubs around the ponds and ditches. These included eastern phoebes, swamp sparrows, common 
yellowthroats, and yellow-rumped warblers. The plumegrass wetland near the southern end of the site also 
harbored a single marsh wren that responded to taped owl calls. 

WETLAND POTENTIAL 

Increasing the extent 01'0 the wetland areas on the Garners Bayou Mitigation Site has the potential for creating 
habitat for both wintering waterfowl and nesting water and marsh birds. Ducks, gallinules, grebes, and herons 
would all be attracted to more open water, providing it contains sufficient plant and animal life to sustain the 
bird populations. In addition, severa! species of songbirds would be expected to forage and nest along the 
edges of such environments. 

It would be desirable, from an avian standpoint, to stock ponds with small fish and other aquatic life and to 
provide water plants for both cover and food. The edge cover would also prove important in attracting 
marshland birds. Severa! suggestions are offered in the section below. These changes could be effected without 
severely altering the productivity of the adjacent deciduous woodlands. 

SUGGESTED PLANTINGS FOR BIRDS 

Wr;t)aOO Plants 

In order to attract significant numbers of birds, it will be important to provide appropriate food and cover 
plants in any wetlands improved or constructed on the Garners Bayou site. Ones proven to be popular 
waterfowl food include pondweeds (Poramogeton sp.), sedges (Carex sp.), and members of the 



knotweed/smartweed Ocomplex (Polygonum sp.). 

Several grasses planted around the edges of these wetlands would likewise serve both waterfowl and smaller 
perching birds. Among the best wildlife foods are the panicums (Panicum sp.), paspalums (Paspalum sp.). and 
bristlegrasses (Setaria sp.). 

Southern wax-myrtle (Myrica cerifera) now grows in several of the open, marshy areas, and this species would 
provide good cover along the fringes of the wetlands. Its fruits are eaten by wintering warblers and other birds. 

Up/aM Plants 

Many of the birds were observed feeding on the fruits of yaupon (I1ex vomitoria) and American holly ( flex 
opaca ) present in substantial numbers in the deciduous and mixed woodlands. The planting of additional 
fruiting trees and shrubs in the open woodlands and around new or existing wetlands would greatly increase 
available food for birds. Red mulberry (Morus rubra) is favored by a wide variety of songbirds, and its fruiting 
season corresponds with the spring migration along the Texas coast. Its use is highly recommended. American 
beautyberry (Callica-pa americana) is an attractive woodland shrub whose fruits are used extensively by fall 
and winter birds. 

Open, sunlit areas would benefit from plantings of the various amaranths, or pigweed species, (Amaramhus 
sp.) and some of the sunflowers. Common sunflower (He/ianthus annuus) and swamp sunflower r eliamhus 
angustifolius} grow vigorously in Harris County and provide abundant seeds for birds and other wildlife. 

The Garners Bayou site lies along the southern edge of the normal nesting range of the eastern bluebird, a 
species that has been aided greatly in recent years by the construction of bluebird nest boxes. These beautiful 
and highly beneficial birds prefer nest sites in open areas near scattered trees; thus, the woodland edge along 
Greens Bayou and the margins of other wooded tracts would provide excellent locations for a -bluebird trail.· 

Larger nest boxes in wetland areas might also serve breeding wood ducks, and smaller boxes would 
accommodate. such songbirds as Carolina chickadees and tufted titmice. Regular maintenance and cleaning of 
the birdhouses would be required, but a scout troop or youth group might adopt such a project in the future 
if the Garners Bayou site is opened to the public. 

The construction of additional wetland areas, combined with well planned plantings of appropriate food plants 
and with nesting sites would, in the opinion of the authors, increase dramatically the potential of the Garners 
Bayou Mitigation Site for birds and other wildlife. 



BIRD CHECKUST 

GARNERS BAYOU MITIGATION SITE 

January 10, 1994 - February 6, 1994 

John & Gloria Tveten 

Bird Species Date and Numbers 

1/10 .l1l1 1/31 2/3 'lJ..§. 

Double-crested Cormorant 4 
Phalacrocorax aurilus 

Great Blue Heron 2 3 2 4 
Ardea herodias 

Great Egret 2 
Casmerodius albus 

Snow Goose 40 
Chen caerulescens 

Wood Duck 2 
Aix sponsa 

Green-winged Teal 
Anas crecca 

Lesser Scaup 7 
Aylhya affinis 

Bufflehead 2 
Bucephala albeola 

Black Vulture 2 8 6 
Coragyps alralus 

Turkey Vulture 30 21 40 14 3 
Catharles aura 

Coopers Hawk 
Accipiter cooperii 

Red-shouldered Hawk 4 2 2 
Buteo linealus 

Red-tailed Hawk 2 3 3 
Buteo jamaicensis 



2 - Bird Checklist 

lL!.Q .!ill J/31 2/3 2!.fl. 

American Kestrel 2 
Falco sparverius 

Northern Bobwhite 2 
Colin us virginianus 

Killdeer 3 4 
Charadrius vociferus 

Spotted Sandpiper 
Aclilis macularia 

Ring-billed Gull 6 
Larus delawarensis 

Rock Dove 2 16 30 
Columba livia 

Mourning Dove 3 2 2 
Zenaida macroura 

Great Homed Owl 
Bubo virginianus 

Barred Owl 
Slrix varia 

Belted Kingfisher 
Ceryle alcyon 

Red -bell ied Woodpecker 2 2 3 2 
Melanerpes carolinus 

Yellow-bellied Sapsucker 2 6 4 3 
Sphyrapicus varius 

Downy Woodpecker 3 2 2 
Picoides pubescens 

Northern Ricker 
Colaples auralus 

Pileated woodpecker 2 2 
Dryocopus pi/eatus 

Eastern Phoebe 4 3 8 9 5 
Sayomis phoebe 



3 - Bird Checklist 

IIJO 1112 1131 2/3 2/6 

Blue Jay 30 23 35 6 5 
Cyanociua crislala 

American Crow 40 23 30 45 25 
Corvus brachyrhynchos 

Carolina Chickadee 20 20 37 25 15 
Parus carolinensis 

Tufted Titmouse 3 16 10 4 
Parus bicolor 

Brown Creeper 
Cerlhia americana 

Carolina Wren 5 5 5 
Thryolhorus ludovicianus 

House Wren 2 3 3 10 2 
Troglodyles aedon 

Sedge wren 9 6 
CislOlhorus plalensis 

Marsh Wren 
Cislolhorus paluslris 

Golden-crowned Kinglet 5 12 
Regulus salrapa 

Ruby-crowned Kinglet 6 32 75 50 30 
Regulus calendula 

Blue-gray Gnatcatcher 6 10 2 
Polioplila caerulea 

Hermit Thrush 2 4 3 2 
Calharus gullalus 

American Robin 5 24 25 6 250 
Turdus miqralorius 

Gray Catbird 
Dumelella carolinensis 

Northern Mockingbird 3 4 4 8 10 
Mimus polyglollos 



4 - Bird Checklist 

1/10 1/12 1/31 2/3 Y..§. 

Brown Thrasher 7 2 2 
Toxostoma rufum 

American Pipit 27 
Anlhus rubescens 

Cedar Waxwing 4 
Bombycil/a cedrorum 

Loggerhead Shri ke 2 
Lanius ludovicianus 

European Starling 31 14 
SI umus vulgaris 

White-eyed Vireo 
Vireo griseus 

- Solitary Vireo 2 4 
vireo solilarius 

Orange-crowned Warbler 8 10 55 9 4 
Vermivora celala 

Yellow-rumped Warbler 15 10 17 25 20 
Dendroica coronala 

Pine Warbler 5 2 10 
Dendroica pinus 

Common Yellowthroat 3 
Geolhlypis lrichas 

Northern Cardinal 25 12 33 55 50 
Cardinalis cardinalis 

Chipping Sparrow 20 2 8 
Spizella passerina 

Field Sparrow 
Spizella pusil/a 

Vesper Sparrow 2 
Pooeceles gramineus 

Savannah Sparrow 6 30 25 30 
Passerculus sandwichensis 



5 - Bird Checklist 

1110 1112 1/31 m 2/6 

Song Sparrow 2 4 3 
Melospiza melodia 

Lincoln's Sparrow 2 3 2 
Melospiza lincolnii 

Swamp Sparrow 5 60 6 
Melospiza georgiana 

White-throated Sparrow 3 30 40 20 
Zonotrichia albicollis 

White-crowned Sparrow 2 
Zonotrichia leucophrys 

Harris' Sparrow 
Zonotrichia querula 

Dark -eyed Junco 4 
Junco hyemalis 

Red-winged Blackbird 20 15 
Agelaius phoeniceus 

Eastern Meadowlark 2 200 
Stumella magna 

Common Grackle 35 
Quiscalus quiscula 

Brown-headed Cowbird 4 
Molothrus ater 

Pine Siskin 
Carduelis pinus 

American Goldfinch 6 30 25 
Carduelis tristis 

74 Species 



POTENTIAL NFSI1NG BIRDS 

GARNERS BAYOU MITIGA TOION SITE 
John & Gloria Tveten 

The following list contains potential nesting birds based on knownbreeding ranges and the habitats presently 
available on theGarners Bayou tract. Several other species breed within thecounty, but conditions do not 
presently appear suitable fornesting on the tract under consideration. For example, noevidence of previous 
nesting by colonial herons was observed. Iflarger pond areas with scattered trees and shrubs are 
subsequentlydeveloped, this potential would increase. 

* Species observed during winter census in January-February 1994 

Green Heron, BUlorides virescens 
Yellow-crowned Night-Heron, Nyclanassa violacea 

*Wood Duck, Au sponsa 
Mottled Duck, Anas julvigula 

*Black Vulture, Coragyps alralUS 
*Turkey Vulture, Calmmes aura 
*Red-shouldered Hawk, BUleo linea/us 
*Northern Bobwhite, Colin us virginianus 
King Rail, Rallus elegans 
Common Moorhen, Gallinula chloropus 

*Killdeer, Charadrius vociferus 
Black-necked Stilt, Himanlopus mexican us 

*Mourning Dove, Zenaida macroura 
Inca Dove, Columbina inca 
Yellow-billed Cuckoo, Coccyzus americanus 
Bam Owl, Iylo alba 
Eastern Screech-Owl, alus asio 

*Great Homed Owl, Bubo vir-inianus 
*Barred Owl, Slrix varia 
Common Nighthawk, Chordeiles minor 

*Belted Kingfisher, Ceryle alcyon 
Red-headed Woodpecker, Melanerpes erylhrocephalus 

*Red-bellied Woodpecker, Melanerpes carolinus 



2 - Potential Nesting Birds 

*Downy Woodpecker, Picoides pubescens 
*Northern Flicker, Colaptes auratus 
*Pileated Woodpecker, Dryocopus pi/eatus 
Eastern Wood-Pewee, Contopus virens 
Acadian Flycatcher, Empidonax virescens 
Great Crested Flycatcher, Myiarchus crinitus 
Eastern Kingbird, Tyrannus tyrannus 
Scissor-tailed Flycatcher, Tyrannus forficatus 

*Blue Jay, Cyanocitta cristata 
* American Crow, Corvus brachyrhynchos 
*Carolina Chickadee, Parus carolinensis 
*Tufted Titmouse, Parus bicolor 
*Carolina Wren, Thryothorus ludovicianus 
*Marsh Wren, Cistothorus palustris 
*Blue-gray Gnatcatcher, Polioptila caerulea Eastern Bluebird, Sialia sialis 
*Northern Mockingbird, Mimus polyglottos 
*Brown Thrasher, Toxostoma rufum 
*Loggerhead Shrike, Lanius ludovicianus 
* European Starling, Sturnus vulgaris 
*White-eyed Vireo, Vireo griseus 
*Pine Warbler, Dendroica pinus 
Prothonotary Warbler, Protonotaria citrea 
Swainson's Warbler, Limnothlypis swainsonii 
Kentucky Warbler, Oporomis formosus 

*Common Yellowthroat, Geothlypis trichas 
Hooded Warbler, Wi/sonia citrina 
Yellow-breasted Chat, Icreria virens 
Summer Tanager, Piranga rubra 

*Northern Cardinal, Cardinalis cardinalis 
Blue Grosbeak, Guiraca caerulea 
Indigo Bunting, Passerina cyanea 
Painted Bunting, Passerina ciris 
Dickcissel, Spiza americana 

*Red-winged Blackbird, Agelaius phoeniceus 
*Eastern Meadowlark, Stumella magna 
*Common Grackle, Quiscalus guiscula 
*Brown-headed Cowbird, Molothrus ater 
Orchard Oriole, Icterus spurius 



Dauphin, David T., A. Noel Pettingell, and Edward R. Rozenburg. 1989. A birder'schecklist of the upper Texas 
coast. 7th ed. Houston: Outdoor Nature Club. 

Hatch, Stephan L., Kancheepuram N. Gandhi, and Larry E. Brown. 1990. Checklist of the vascular plants of 
Texas- College Station: Texas A&M Univ. 

Lane, James A. and John L. Tveten, 1984. A birder's guide to the Texas coast. Denver: L&P Press. 

Martin, Alexander C., Herbert S. Zim, and Arnold L. Nelson. 1961. American Wildlife & Plants: A guide to 
wildlife food habits. New York: Dover. 

National Geographic Society. 1987. Field guide to the birds of Nonh America. 2nd ed. Washington, D.C. 

Oberholser, Harry C. 1974. The bird life of Texas. 2 vols. Edited by Edgar B. Kincaid, Jr. Austin: Univ. of Texas 
Press. 

Robison, B.C., photos by John L. Tveten. 1990. Birds of Nouston. Houston: Rice Univ. Press. 
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SUMMARY 

The Garners Bayou Mitigation Site contains a number of different ecological habitats and plant 

communities and harbors a corresponding diversity of bird species. Seventy-four (74) species of wintering 

birds were recorded during a previous survey conducted in January/February 1994. Fifty-one (51) species 

were observed during the present survey from June 15 through June 23, 1994. With a few exceptions, as 

noted in the text, these can be considered to be breeding on the tract in question. 

There is a high concentration of woodland birds, the most abundant being northern cardinal, Carolina 

wren, white-eyed vireo, Carolina chickadee, and tufted titmouse. In addition, a number of neotropicaJ 

migrants were detected. The latter are birds that spend the winter in the American tropics and return to 

North America to breed. Some of these are declining rapidly throughout the eastern United States due to 

habitat loss at both ends of their migration routes. A checklist of the birds observed and their numbers on 

five different days is appended to this report along with schematic maps of the routes traversed each day. 

In addition, supplemenlal checklists of observed mammals (14 species), reptiles and amphibians (20 

species), and butterflies (44 species) are attached. The abundance and diversity of these animals 

further illustrates the variety of microhabitats present on the Garners Bayou Site. 



ORJEC'IIVFS 

L To conduct a census of the bird species utilizing the Garners Bayou Mitigation Site at the peak 

ofthebreeding season, June 1994. 

2. To detennine the species and their relative numbers in each of the different habitat types on the 

Garners Bayou tract. 

3. To detennine, as much as possible, whether the birds present are nesting on the tract or simply 

utilizing it as a feeding area.O 

4. To predict the effect on bird populations of increasing the number and size of ponds and other wetland 

habitats. 

5. To compile, during the course of the breeding bird survey, supplementary lists of the mammals, reptiles 

and amphibians, and butterflies encountered on the Garners Bayou property. 

CONCLUSIONS 

I. Diversity of ecological habitats on the Garners Bayou Mitigation Site is high, with an attendant 

diversity of bird species. These findings agree with a prior bird survey conducted in January/February 

1994. 

2. Fifty-one (51) species of birds were observed on the tract from June 15 through June 23,1994. As 

expected, this total is somewhat lower than that of the earlier survey (74 species), when a number of 

northern birds had moved southward for the winter. 

3. Most of the species appear to be nesting on or near the Garners Bayou Site as evidenced by the 

presence of nests, fledgling young, or singing territorial males. 

4. A number of long-legged wading birds--herons, egrets, and ibis--were observed each day; however, with 

the exception of the solitary green heron, no evidence was found of a nesting colony. The herons and 

egrets appear to fly in from the Lake Houston or Sheldon Reservoir areas to the east to forage in the 

marshy ponds along power-line and pipeline clearings and in the water-filled ditches or bayous. 

5. No extremely rare or unusual birds were detected; however, several species reach the southern edge of 

their breeding range in Harris County and are more typical of the river-bottom forests and piney woods of 

East Texas. 

6. At least two pairs of red-shouldered hawks and two pairs of pileated woodpeckers occupy territories 

within the survey tract. Combined with other large species, including barred owl and American crow, they 

indicate a productive woodland habitat with substantial food reserves. 

7. No ducks, grebes, gallinules, connorants, anhingas, or other waterfowl were observed. Many of the 

small ponds on the tract are too heavily wooded to attract such waterfowl species. Although marshy, 

ephemeral ponds exist along the power-line clearings, they lack sufficient pennanence and cover for 



nesting. 

8. Increasing the number and size of ponds and other wetland habitats could be expected to increase the 

number of water birds. These wetlands would provide wintering grounds for ducks as well as feeding areas 

and potential nest sites for herons and other wading birds; rails and gallinules; and such marsh dwellers as 

red-winged blackbirds, common yellowthroats, and marsh wrens. Selective planting in and around such 

wetlands would greatly increase their carrying capacity for wildlife. 

9. Fourteen (14) mammal species were encountered on the survey tract. Severa! deer were seen on each 

visit. No attempt was made to census the nocturnal bats, nor were live traps used to sample the rodent 

population. Closer observation of the latter two orders would undoubtedly add several species to the list. 

10. Twenty (20) species of reptiles and amphibians 'were seen or heard, including four turtles, three lizards, 

five snakes, and eight toads and frogs. Most of the lizards and snakes were found by turning over fallen 

logs and debris; some frogs were identified by their characteristic calls. 

II. Forty-four (44) butterfly species were seen on the Garners Bayou tract, many of them in substantial 

numbers. The authors, who have recently completed a book on the butterflies of Houston and Southeast 

Texas, consider this to be a very high tota! for so brief a time span. It is indicative of the variety of 

microhabitats and larval food plants available to insect populations. 

PREVIOUS SURVEY 

The authors of this breeding bird survey conducted a similar bird census on the Garners Bayou Mitigation 

Site during January and February 1994. A report was produced and submitted to W.K. Berg & Associates. 

The purpose of the prior survey was to determine the species and numbers of birds using the site during 

the winter season. Seventy-four (74) species were observed, and a list was included in the subsequent 

report. 

The present study covered the same areas during the peak of the breeding season, June 1994. As expected, 

there were significant differences in the bird populations. 

SITE DF.SCRIPIlON 

The Garners Bayou Mitigation Site is located within the northeastern comer of Beltway 8 that circles 

Houston, Texas. That beltway serves as the northern boundary of the site, while the Beaumont, Sour 

Lake, and Western Railway track borders the property on the east. Garners Bayou and Greens Bayou 

downstream from its junction with Garners Bayou provide the western boundary. Lockwood Road cuts 



across the northeastern comer of the tract; several power-line and pipeline corridors transect the 

remainder of the property. 

Much of the site is presently a mixed hardwood/pine woodland, with pines predominating in the 

northwestern portion. Although some large timber remains, the tract has been logged extensively. Open, 

marshy areas occur at lower elevations, and several ponds and oxbows provide permanent water. The 

utility corridors; the northeastern corner bordered by Beltway 8, Lockwood Road, and the 

railroad track; and the mowed bank of Greens Bayou offer open, grassy areas attractive as feeding areas to 

some species of birds. Brushy woodland borders, particularly along the railroad track, harbor other species 

that prefer thicket habitats. 

This vegetational diversity provides habitats for a wide range of bird species. Most of the expected nesting 

birds were encountered during the period of this survey. 

SEASONAL lNFUJENCfS 

Some birds are permanent residents of the region and remain year-round on or near the tract in question. 

Many others, however, occur only during specific seasons of the year. Some are breeding summer 

residents, departing for the American tropics in the fall and returning again in spring. Their places are 

taken in winter by other species that move southward from more northern latitudes. In addition to those 

nesting and wintering populations, there are many other birds that appear only during their spring and fall 

migrations as they move from the North to the tropics and back again. 

Birds migrate with the seasons to ensure adequate food supplies, not in response to cold weather, although 

the latter factor is of secondary importance. Thus, most of the flycatchers, warblers, thrushes, orioles, 

buntings, tanagers, grosbeaks, and other avian families that feed largely on insects and fruits spend our 

winter months in Central and South America. These "neotropicaI migrants· are replaced in Texas during 

that season by numerous sparrows, finches, blackbirds, and others that subsist primarily on seeds and the 

occasional insects and berries still available. 

Species diversity reaches its maximum during spring and fall migrations, when numerous long-distance 

migrants cross eastern Texas, mixing with both summer and winter residents. These migrations are 

particularly difficult to survey, however, for they are highly dependent on local weather. More significant 

are the numbers of birds that utilize a particular area during the winter months and during the breeding 

season, when populations are more stable. 



The current breeding bird survey identified fifty-one (51) species on the Garners Bayou Site. This was less 

than the winter total, an expected result. Many of the waterfowl, hawks, sparrows, and finches present 

during the winter months have moved northward to nest. A number of new species have likewise returned 

from the tropics to breed in our area, but they do not equal the winter residents in diversity or number. 

Breeding birds, in general, occupy and defend larger individual territories than do foraging winter flocks 

that wander more widely. 

SURVEY MErUODS 

The attached bird checklist was compiled by the two authors during five visits to the Garners Bayou Site. 

These occurred on June 15,17,20,22, and 23,1994. The weather was hot and humid, with afternoon 

temperatures rising well into the 90s. The days were generally sunny, but with some late-afternoon 

thundershowers. 

Because birds are least active during the midday heat, each survey was begun at dawn, when territorial 

males began singing. However, some activity continued throughout the day, and highly territorial birds 

were easily located by their repeated vocalizations. Many were lured into view with the vocal squeaks and 

chips routinely used by birders. Tape recordings of the calls of an eastern screech-owl were used 

extensively during the winter census to attract smaIl flocks of woodland birds. These proved less effective 

during the breeding season, when birds are defending their own territories and are less inclined to "mob" 

owls in mixed, wide-ranging flocks. Utility corridors, woodland trails, the railroad track, and Lockwood 

Road provided access to various segments of the site, and all sections were covered on one or more days. 

The authors moved slowly along these routes and through the woods, observing the birds with IOX40 Zeiss 

and 8X36 Bausch and Lomb binoculars. Many of the most vocal species were best identified and counted 

by hearing their characteristic songs and calls. 

Schematic maps appended to this report show the route taken on each census day. Bird numbers can thus 

be traced to particular sections of the tract or to particular habitats. Some species were recorded only 

once during the census period; many others were present in good numbers every day. The daily numbers 

for each species are shown on the checklist. 

NiSES-SMENT OF BREJIDING STA11JS 

Most of the birds encountered can be assumed to be nesting on the census tract. The presence of nests or 

fledgling young verified the status of several species, while highly vocal, defensive birds revealed the 

number and extent of individual breeding territories. Such territorial behavior is commonly used to 



indicate status as a breeding species. 

It appears that a few species listed do not presently breed within the confines of the Garners Bayou tract. 

Chief among these are the colonial wading birds, the herons, egrets, and ibis. No evidence was found for 

nesting activity in spite of their abundance along the rights-oC-way and wet ditches. Most observed in 

flight were flying toward the southeast, apparently moving between the census site and Sheldon Lake State 

Park and Wildlife Management Area, a rich wetland little more than three miles away. A visit to that 

park did, indeed, reveal large flocks of wading birds, which move out to the surrounding fields and 

roadsides to feed each day .. The exception was a green heron, a more solitary bird, that was discovered 

nesting near the oxbow lake on the southern border of the Garners Bayou Site. 

No breeding of black or turkey vultures was verified, but these silent birds are very secretive around their 

well-hidden nests. Certainly such breeding is possible, and numerous vultures use the tall trees and 

power-line towers as roosting sites. 

fledgling bam swallows were located along Lockwood Drive; and a flock of swallows was seen hawking 

insects over the open field to the east and along the railroad track. These birds apparently nest in a 

colony beneath the Beltway 8 overpass at the northeast comer of the tract. Similarly, purple martins seen 

overhead presumably came from the residential subdivision north of the Beltway. 

MAJOR HABITATS 
It is possible to make some general statements about bird populations in specific habitats, although some 

species roam widely through the surrounding area and may occur in several ecological niches. Most 

breeding birds have habitat preferences, where they establish and defend clearly defined territories, and 

they can be found there day after day. 

Deciduous WnnrlIand 

The most abundant inhabitants of the deciduous and mixed woodlands proved to be northern cardinals, 

Carolina wrens, white-eyed vireos, Carolina chickadees, and tufted titmice. Along some portions of the 

woodland trails, these birds could be found every 50 to 100 yards. The authors were seldom out of range 

of one singing male before hearing another ahead. Blue jays and American crows were also prominent 

members of the woodland avifauna. 

At the southern end of the tract, red-eyed vireos replaced some of the white-eyed vireos so abundant in 

the northern end. Here, too, the oxbows with tall trees and a palmetto understory provided sites for 

hooded, prothonotary, and Swains on 's warblers and an Acadian flycatcher. These are birds more typical 



of the Big Thicket habitats of East Texas. 

At least two pairs of red-shouldered hawks inhabit Garners Bayou, as do two pairs of pileated 

woodpeckers. Red-bellied woodpeckers and downy woodpeckers were most frequent in the dead trees at 

the edge of the forest along the railroad track. 

Pine WnndJand 

Small pines predominate in some sections of the woodland tracts, particularly in the northwestern comer 

of the site. In general, these proved to be less productive for birds than the deciduous or mixed 

woodlands, but they did harbor some of the same small songbirds, particularly chickadees and titmice. In 

addition, this is the preferred habitat for the pine warbler, and that species was located at several locations 

in stands of pines. 

Tbickds and Brushy F4p 

Several bird species prefer the dense cover of shrubby thickets overgrown with vines and briar tangles to 

the relatively open woodlands with reduced understory vegetation. Such habitats are present along the 

edges of the woodlands, where they border the utility corridors and bayous, and along the railroad track. 

During the winter season, this was the habitat for native sparrows, juncos, catbirds, and house wrens. 

Now, during the breeding season, it also harbored nesting cardinals, Carolina wrens, painted buntings, and 

a blue grosbeak. Male buntings sang repeatedly from exposed perches along the woodland fringes. 

Gras3y Fields and Corridors 

Several herons, egrets, and ibis were seen regularly in the utility corridors that transect the property and 

along the open roadsides and bayou banks. Cattle egrets were particularly abundant, feeding with the 

cattle in the open corridors. As noted, however, no evidence was found for nesting of these colonial 

wading birds. 

Mourning doves, killdeer, American crows, northern mockingbirds, and common grackles also frequented 

these open areas. The field east of Lockwood Road in the northeastern comer of the site harbored 

numbers of sedge wrens and sparrows during the winter census. Now, however, it was the site of very little 

bird activity. 

Ponds and Bayous 

None of the ducks and cormorants found during the winter was located in this breeding bird survey. Most 

of the ponds on the property are too heavily wooded to provide favorable habitats for waterfowl. 

Common yellowthroats and other small songbirds were seen around the fringes of some ponds, and a 



prothonotary warbler was nesting on the deep oxbow at the southern end of the tract, a niche that also 

prod uced a green heron. 

WlITLAND POTENTIAL 

As noted in the previous January/February 1994 report, increasing the extent of the wetland areas on the 

Garners Bayou Mitigation Site has the potential for creating habitat for both wintering waterfowl and 

nesting water and marsh birds. These changes could be effected without severely altering the productivity 

of the adjacent deciduous woodlands. Combining wetlands creation with selected planting could further 

enhance the site for a wide variety of wildlife. Several potential plants were mentioned previously. 

SUPpJ.EMENTAJ. SURVEYS 

During the course of the breeding bird survey, the authors also compiled checklists of observed mammals, 

reptiles and amphibians, and butterflies. These lists further illustrate the diversity of the site and its 

enormous wildlife potential. 

Mamgpls 

Evidence of fourteen (14) different mammal species was obtained during the five days of the survey. Most 

of the listings stem from sightings of live animals; a few come from identification of tracks or animal 

skulls. The list is appended to this report. 

Two or more white-tailed deer were seen each day, ranging from a large six-point buck to a small, spotted 

fawn. Abandoned hunting blinds throughout the property still stand as a tribute to the thriving deer 

population. 

No attempt was made to observe nocturnal or crepuscular bat species, and the authors did not employ live 

traps to sample the rodent population. The latter is probably rich and diverse, and several more mice 

could be added to the list by trapping in various habitats. 

Reptiles and AmphibiaD!! 

Twenty (20) species of reptiles and amphibians were observed on the census site. These included four 

turtles, three lizards, five snakes, and eight toads and frogs. The complete list is attached. 

Most of the lizards and snakes were found by turning over logs and other debris; some of the frogs were 

identified by their characteristic songs. 



Several other snake species should occur in the area and would probably be found by a more diligent 

search of fallen and rotting logs. The search for such reptiles was regarded as secondary to the 

documentation of breeding birds during this survey. 

Butterflies 

Insects, spiders, and other invertebrates abound on the Garners Bayou Site. Cicadas; dragonflies and 

damselflies; lubber and other short-homed and long-homed grasshoppers; tiger beetles; and a variety of 

flies, bees, and wasps can be found throughout the tract. At least two large nests of southern yellowjackets 

were discovered, each housing thousands of wasps. The larvae of fall webworms were particularly 

prevalent, especially on sweet-gum and button-bush. 

Because the authors have recently completed a book on the butterflies of Houston and Southeast Texas, 

they were able to identify the various species without capturing specimens in the field. Forty-four (44) 

different butterflies were found, some in large numbers. This represents a surprising diversity for so small 

an area and so limited a time span. More species could undoubtedly be added to the list, particularly in 

the early spring and late fall. Some butterflies appear only in spring; other more southern species wander 

gradually northward to populate Harris County late in the year. 

Although adult butterflies sip nectar from a wide variety of flowering plants, their larvae are far more 

selective in their choice of foods. Many are confined to a single family or genus of plants; some, to a 

single species. The caterpillars of the satyrs, for example, feed on grasses, as do many of the skippers. 

Sulphurs utilize legumes; monarchs and queens, milkweeds; and gulf fritillary larvae consume nothing but 

passion-vines. For the most part, adult butterflies seldom wander far from their larval food plants. 

The presence of so many butterfly species thus reflects the wide variety of microhabitats and vegetative 

types on the Garners Bayou Mitigation Site. It is another indication of a healthy biological diversity. 



BIRD CHECKIJST 

GARNERS BAYOU MITIGATION SITE 

June 15-23,1994 

John & Gloria Tveten 

Bird S]2!;£ies Date and Numbel] 

6/15 6/17 QL2Q 6122 6123 

Great Blue Heron 5 2 3 2 

Ardea herodias 

Great Egret 3 2 9 2 4 

Casmerodius albus 

Snowy Egret 2 2 

Egrella Ihula 

Little Blue Heron 13 4 6 

Egrella caerulea 

Cattle Egret 10 60 90 40 75 

Bubulcus ibis 

Green Heron 

BUlorides virescens 

Yellow-crowned Night-Heron 2 

Nyclanassa violacea 

White Ibis 2 4 3 

Eudocimus albus 

Black Vulture 3 2 17 9 6 

Coragyps alralus 

Turkey Vulture 2 4 5 2 

Calharles aura 

Red-shouldered Hawk 3 2 

Buleo linealus 

Killdeer 2 

Charadrius vociferus 

Mourning Dove 8 5 

Zenaida macroura 



2 - Bird Checklist Tveten 

§ill 6/17 6120 6/22 6123 

Yellow-billed Cuckoo 4 3 3 2 

Coccyzus americanus 

Barred Owl 

Slrix varia 

Common Nighthawk 

Chordeiles minor 

Ruby-throated Hummingbird 

Archilochus colubris 

Red-headed Woodpecker 

Melanerpes erylhrocephalus 

Red-bellied Woodpecker 2 4 2 

Melanerpes carolinus 

Downy Woodpecker 3 

Picoides pubescens 

Pileated Woodpecker 3 2 2 2 

Dryocopus pilealus 

Eastern Wood-Pewee 2 

COnfOpus virens 

Acadian Flycatcher 

Empidonax virescens 

Scissor-tailed Flycatcher 2 

Tyrannus jorjicalus 

Purple Martin 3 7 

Progne subis 

Bam Swallow 10 3 42 

Hirundo ruslica 

Blue Jay 30 20 18 9 4 

Cyanociffa crislala 

American Crow 15 18 23 20 17 

Corvus brachyrhynchos 

Carolina Chickadee 45 25 37 16 5 

Parus carolinensis 
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.§ill 6117 6120 6/22 6123 

Tufted Titmouse 30 15 22 9 2 

Parus bicolor 

Carolina Wren 25 16 9 11 

Thryolhorus ludovicianus 

Eastern Bluebird 2 

Sialia sialis 

Northern Mockingbird 2 2 

Mimus polyglollos 

Loggerhead Shrike 

Lanius ludovicianus 

European Starling 2 2 

Slumus vulgaris 

White-eyed Vireo 50 22 20 17 2 

- Vireo griseus 

Yellow-throated Vireo 

Vireo jlavifrons 

Red-eyed Vireo 7 3 4 

Vireo olivaceus 

Pine Warbler 2 2 

Dendroica pinus 

Prothonotary Warbler 

Prolonolaria cilrea 

Swainson's Warbler 

Limnolhlypis swainsonii 

Common Yellowthroat 2 

Geolhlypis lrichas 

Hooded Warbler 6 

Wi/sonia cilrina 

Northern Cardinal 60 34 50 30 12 

Cardinalis cardinalis 

Blue Grosbeak 

Guiraca caerulea 



4 - Bird Checklist Tveten 

6115 6/17 6120 6122 6/23 

Painted Bunting 4 2 

Passerina ciris 

Red-winged Blackbird 2 

Agelaius phoeniceus 

Eastern Meadowlark 

Stumella magna 

Common Grackle 4 25 7 56 

Quiscalus quiscula 

Brown-headed Cowbird 2 

hlolothrus ater 

Orchard Oriole 2 

Icterus spurius 

51 Species 



MARSUPIALS 
Virginia Opossum 

SHREWS & MOT 55 
Least Shrew 

EDENIATFS 
Nine-banded Annadillo 

Eastern Cottontail 

Swamp Rabbit 

RODENTS 

Fox Squirrel 

Marsh Rice Rat 

Hispid Cotton Rat 

Eastern W oodrnt 

Nutria 

CABNNORES 

Coyote 

Raccoon 

Striped Skunk 

White-tailed Deer 

14 Species 

MAMMAL CIIECKLlST 

GARNERS BA YOU MITIGATION SITE 

June 15-23, 1994 

John & Gloria Tveten 

Marsupicamivora 

Didelphis virginiana 
virginiana 

Cryptotis parva parva 

Fkulala 
Dasypus novemcinctus 

mexican us 

I agomns:pha 

Sylvilagus jloridanus 
alacer 

Sylvilagus aquaticus 
aquaticus 

Rodentia 
Sciurus niger ludovicianus 

Oryzomys palustris texensis 

Sigmodon hispidus texianus 

Neotoma jloridana rubida 

Myocastor coypus 
bonariensis 

CamivOJa 

Canis latrans frustror 

Procyon lotor juscipes 

Mephitis mephitis mesomelas 

Odocoileus virginianus 
mcilhennyi 



J1JRTJ ES 

Mississippi Mud Turtle 

Ornate Box Turtle 

Red-eared Slider 

Midland Smooth Softshell 

, IZARpS 

Green Anole 

Ground Skink 

Five-lined Skink 

SNAKES 

REPTILE & AMPIllBIAN CHECKLIST 

GARNERS BAYOU MITlGA TION SITE 

June 15-23,1994 
John & Gloria Tveten 

Tqtndjnpc! 

Kinostemon subrubrum 
hippocrepis 

Terrapene ornata ornata 

Trachenrys scripta elegans 

Apalone mulica mulica 

Squamata: Lacertilia 

Anolis carolinensis 

Scincella laleralis 

Eumeces fascialus 

Sqnamata: Sqpentes 

Broad-banded Water Snake Nerodia fasciala confluens 

Elaphe obsolela 
lindheimerii 

Texas Rat Snake 

Speckled Kingsnake 

Southern Copperhead 

Western Cottonmouth 

TOADS & FROOS 

Gulf Coast Toad 

Cricket Frog 

Green Treefrog 

Squirrel Treefrog 

Gray Treefrog 

Upland Chorus Frog 

Bullfrog 

Southern Leopard Frog 

20 Species 

Lampropellis getula 
holbrooki 

Agkislrodon contonrix 
contorrrix 

Agkistrodon piscivorus 
leucostoma 

Bufo vallieeps vallieeps 

Acris erepilans 

Hyla cinerea 

Hyla squirella 

Hyla versicolor or Hyla 
chrysoscelis 

Pseudaeris Iriseriala 
feriarum 

Rana eatesbeiana 

Rana utricularia 



BUTfERFLY CHECKUST 

GARNERS BAYOU MITIGATION SITE 

SW AI WWTA" S 

Pipe-vine Swallowtail 

Giant Swallowtail 

Tiger Swallowtail 

Spicebush Swallowtail 

Palamedes Swallowtail 

WHITES and SULPHURS 
Checkered White 

Orange Sulphur 

Dog Face 

Cloudless Sulphur 

Little Sulphur 

GOSSAMER-WINGED RU1TERf( res 
Red-banded Hairstreak 

Gray Hairstreak 

Western Pygmy Blue 

SNOUT RlJJTERFJ res 

Snout Butterfly 

lPNGWINGS 

Gulf Fritillary 

NYMPRAIJPS 
Variegated Fritillary 

Texan Crescent 

Phaon Crescent 

Pearl Crescent 

Question Mark 

Red Admiral 

American Painted Lady 

June 15-23,1994 

John & Gloria Tveten 

Papiliooidae 

Baltus philenor 

Papilio cresphontes 

Papilio glaucus 

Papilio lroilus 

Papilio palamedes 

Pieridae 
Pontia protodice 

Colias eurytheme 

Colias cesonia 

Phoebis sennae 

Eurema lisa 

Lygmjdae 

Calycopis cecropslisobeon 

Strynwn melinus 

Brephidium exile 

Ubytbeidae 

Libytheana bachmanii 

Helicooiidae 
Agraulis vanillae 

N)'IIWbalidae 

Euptoieta claudia 

Anthanassa texana 

Phyciodes phaon 

Phyciodes tharos 

Polygonia interrogationis 

Vanessa atalanta 

Vanessa virginiensis 
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Painted Lady 

Buckeye 

Red-spotted Purple 

Hackberry Emperor 

Tawny Emperor 

SATYRS 
Gemmed Satyr 

Carolina Satyr 

Little Wood Satyr 

MQ XWRIID RUITERFI JFS 
Monarch 

Queen 

SKIPPERS 
Silver-spotted Skipper 

Northern Cloudywing 

Horace's Duskywing 

Funereal Duskywing 

Common Checkered Skipper 

Tropical Checkered Skipper 

Neamathla Skipper 

Clouded Skipper 

Least Ski pper 

Southern Skipperling 

Fiery Skipper 

Dun Skipper 

44 Species 

Vanessa cardui 

Junonia coenia 

Limenilis anhemis astyanax 

Asterocampa cellis 

Asterocampa clylon 

Satyridac 

Cyllopsis gemma 

Hermeuptychia sosybius 

Megislo cymela 

Ilaoojdae 

Danaus plexippus 

Danaus gilippus 

Henandae 
Epargyreus clarus 

Thorybes pylades 

Erynnis horalius 

Erynnis funeralis 

Pyrgus communis 

Pyrgus oileus 

Naslra neamalhla 

Lerema accius 

Ancyloxypha numi/or 

Copaeodes minimus 

Hylephila phyleus 

Euphyes ves/ris 

Tveten 
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2. Soil Survey 

The subject property appears to lie on the Beaumont 
Geologic formation, laid down between 30,000 and 
100,000 years ago by rivers crossing a delta shaped 
plain. Examinations of a soil profile along Greens 
Bayou to a depth of 15-20 feet indicated that the 
depositional features of soils and subsurface horizons 
are characteristic of historical Brazos River sediment 
patterns. The relatively "flat" nature of the delta 
plain across which low gradient river activity has 
taken place over time has resulted in the low energy 
deposition of thick clay layers which form the 
foundation for the majority of soils in the area. Sand 
deposits are also characteristic of this type of river 
activity, and were found to be present in the soil 
horizons of several areas. These features characterize 
the broader geographic area in which the property lies, 
and are consistent with the geology found along this 
portion of the Gulf coast and Harris County. 

Riverine elements such as elongate channel scars and 
levees are found along meander ridges within the 
broader flood basins across a large area. Wetlands are 
most likely to occur in these channel scars which are 
generally more depressional than the surrounding 
landscape. However, wetlands may also appear in the 
overflow zones of these channels and, depending on the 
topographical features, can extend into flats or other 
areas which are less easily defined. The subject 
property was found to contain an intricate pattern of 
slightly depressional wetland flats, with transitions 
to the more pronounced wet areas which have formed in 
the channel scars. 

Complex and detailed on-site soil surveys were 
conducted over a two month period by Dr. John S. Jacob, 
certified Professional Soil scientist, Texas A&M 
University and personnel from W. K. Berg & Associates. 
Dr. Richard Griffin, certified Professional Soil 
Scientist, Prairie View A&M University, was also 
present and assisted on one specific interpretive site 
visit. The purpose of the soil surveys was 1) to 
evaluate and document the hydric or (non-hydric) soil 
characteristics on the site; and 2) to accurately 
describe and map any jurisdictional wetland areas. 

Hydric soils on the subject property were found to 
occur in intricate patterns with considerable 
interfingerings into upland areas, thus forming complex 
areas of wetland soil features. Hydric boundaries were 
often gradational through the overflow zones of 
pronounced wet areas and into the subtle elevation 

-14-



transitions between flats. Due to the 
the soil boundaries on the site, a 
approach was taken which def ined areas 
marginal characteristics were present. 

complexi ty of 
conservative 

as hydric if 

Topographic inversion has resulted from subsidence of 
the clayey flood basin deposits. Therefore, the 
present day meander ridges form convex highs on the 
landscape, commonly two to five feet higher than the 
surrounding landscape. It was in the more prominent 
channel scars along these highs where the well-defined 
hydric soils were found to exist. This was especially 
true of a distinct elongated ridge located 
approximately in the center of the site and oriented 
north-south. These soils had prominent features of 
long-term saturation and reduction, indicating well
developed hydric conditions over a long period of time. 
Other distinct hydric features were noted in the more 
pronounced depressions and potholes which were 
characteristic of the terrain. 

The soils of the site consist of extensive clayey lower 
layers extending to the near surface in the flatter 
areas, with loam and sand present in complex patterns. 
The high shrink-swell tendencies of these clayey soils 
have created an intricate pattern of microdepressions 
and pimple mounds throughout the majority of the site, 
resulting in the formation of scattered small 
depressions and restricted water movement. The soils 
are poorly drained with slow permeability and high 
water capacity. 

The following is the summary report submitted by 
W. K. Berg & Associates, ref lecting the onsi te soil 
conditions. This information will be critical to 
creating and sustaining wetland growth. 
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Soil Survey of Garner's Bayou Tract - Harris County Flood Control 

John S. Jacob, Ph.D. 
Certified Professional Soil Scientist 

March 19, 1994 

Field work on this property was carried out in January and February, 1994. In 
addition .,0bseIVations from the 1993 Berg and Assoc. wetland survey were used. Soils 
were described according to Soil Survey Staff (1993). The soils were commonly described 
to about 36 inches, with some occasional deep borings to 80 inches. Additional 
information with respect to underlying sediments was obtained from cutbanks along 
Garner's and Green's Bayous. 

This sUIVey at best represents an approximation of the true soil distribution on the 
site. Soils exist as a continuum on the landscape. Soil boundaries are drawn to. 
approximate changes in soil bodies; some changes may be abrupt, others are much more 
gradual. The lines on the map do not convey this information. In addition, some areas 
were too complex to map individually. For example, two complex wetland/upland units 
were established on the southern side of the property. Other areas varied in a random 
manner between a few dominant soil types. These areas were mapped as undifferentiated 
units. 

All soil surveys contain some degree of error. Quantification of that error was not 
a part of this sUIVey. Random transects and statistical treatment of data did not 
constitute the scope of work for this contract. Some idea, however, of soil variability and 
range of properties were obtained from the obseIVations made. 

Only a few of the units conformed to the map units described in Soil SUIVey Staff 
(1976). Taxonomic names (Soil Survey Staff, 1992) were used where a suitable match 
with the 1976 survey was unavailable. Although individual soil taxa are used as names for 
the map units, it should be recognized that the named taxa represents only the central 
concept, and that in reality a range of soil types are represented in each map unit. The 
typifying pedon described for each unit is somewhat fictitious is that it represents an 
amalgamation of the most common properties. 

All of the soils were described from hand-auger borings, and in some cases from a 
15" pit dug with a spade. Information on structure, and thus permeability, is therefore 
inferential. 

Permeabilities (saturated hydraulic conductivity) were estimated primarily from 
texture and secondarily from structure. Conductivity classes (Table 1) are taken from Soil 
Survey Staff (1993). Surface horizons were assumed to be in the low bulk density range. 
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No measurements were taken, in-situ or in the lab. Structure is extremely important for 
the determination of permeability, but it cannot be quantitatively described from borings. 
Because of this deficiency, and because of permeability is one of the most spatially
variable soil properties, these numbers should be taken as order-of-magnitude estimates 
only. On a gross scale, the hydrologically salient features of this tract are the sandy ridge 
of Boy soils and the clayey Lake Charles/ Aquert soils on the east and west sides of the 
property. 

Table 1. Saturated Hydraulic Conductivity Classes 

Class 

Very High 
High 

Moderately High 
Moderately Low 

Low 
Very Low 

Ksat (um/s) 

2100 
10-100 

1-10 
0.1-1 

0.01-0.1 
~0.01 

2 



MAP UNIT DESCRIPTIONS 

#1. Ochraqualfs (AQ) 

Except for the complex units on the southern side of the property, this unit 
represents wetlands with hydric soils and hydrophytic vegetation. Most of the wetlands on 
this site appear to be relict fluvial channel scars, probably associated with the paleo San 
Jacinto River. The area is mapped as the Beaumont Geologic Formation (BEG), but I 
believe it may be a Deweyville-aged terrace. Surprisingly, the wetland soils varied little 
whether in narrow channel scars or on broader flats. Only a few spots had significantly 
different soils, but these were not extensive enough to warrant a separate unit given the 
intended use of this survey. 

TYPIFYING PEDON 

Ag horizon: 0-20 inches lOYR 5/2 loam, with common distinct and prominent Fe 
pore coats; pH 5-6. 

Btg horizons: 20 to 60+ inches lOYR 5/2 clay loam, with Fe pore coats in the 
upper part. Common sand and silt coats on ped faces. pH ranges from 6 to 7. 

Hydrology: Wetness varies in this unit. Some areas, notably the deepest and most 
prominent channel scars, stay wet most if not all year. Other areas have a much reduced 
hydro-period, but still remain ponded several weeks to months each year. In several 
instances, the soil was moist or even dry beneath 5-10 inches of standing water on the 
surface. Deeper water tables were also frequently observed, however. The sand and silt 
coats are strong indicators of preferred flow regimes in these soils. 

Range in Characteristics: 

Ag horizon: most commonly loam, but also fine sandy loam, sandy clay loam, and 
clay loam. Color values of 4 to 6 and chromas of 1 to 2. . 

Btg horizons: most commonly clay loam, less commonly sandy clay loam, clay, and 
loam. Color values of 4 to 6 and cbromas of 1 to 2. 

The control section is fine-loamy, probably averaging about 30-38% clay. Most 
common taxa are Ocbraqualfs and Glossaqualfs. 

Inclusions: Occasional pimple mounds, elevated 1-2 feet above the surrounding surface, 
with AIdine-like and occasionally Boy-like soils (probably less than 5%). Similar soils 
with fine-textured (>35% clay) subsoils. 
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Parent Materials: Deep borings to 80+ inches occasionally reveal interstratified loamy 
and sandy deposits. In all cases, the deep sands were saturated. 

Vegetation: Acer rubrum, Sabal minor. Quercus phellos, Ulmus spp, funcus spp, Panicum 
haemotomum, Quercus nigra, Chasmanthium spp, Sapium sebiferum, Rhyncospora spp. 
Taxodium and Cephalanthus were observed in the most prominent channel scars only. 

Permeability: 

Ag Moderately high 
Bg Moderately low 
Hydrologic Soil Group: D 

Aquic Hapludalfs - Edna Variant Soils (ED) (Wood Oats Flats) 

This unit represents low wet flats witll soils that have some redoximorphic 
features but not enough to classify as hydric. 

TYPIFYING PEDON 

A horizon: 0-11 inches, lOYR 4/2 fine sandy loam; some beached zones; 
occasional Fe pore coats; pH 5-6.5. 

Btg horizons: 11-40 inches, lOYR 4/2 clay loam or sandy clay loam; occasional Fe 
pore coats; common Fe masses; common bleached sand coats on macrovoids (ped 
faces); carbonates commonly below about 30 inches; pH 6-8. 

Hydrology: Surface commonly ponded with water in late ",wter, less commonly in spring. 
No information on deep water table.The sand and silt coats on macrovoids are strong 
indicators of preferred flow regimes in these soils. 

Range in Characteristics: 
A horizon: Less commonly silt loam and loam; colors of 10YR 5/2, 4/2, 3/2, 3/3, 

5/3, and 6/2, 

Btg horizons: occasionally sandy clay loam, rarely clay; colors of 10YR 4/2, 4/1, 
5/2,5/3,6/2.6/3. 

Inclusions: Occasional to common small areas of Ochraqualfs (less than about 15%). 
Common inclusions of Aldine-like soils (less than about 5-10%). 

Parent materials: Interstratified loarns, sands, and clays. 
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Vegetation: Quercus nigra, Pinus taeda, flex vomitoria, Chasmanthium spp., Sabal minor, 
Ulmus spp., Liquidambar, Quercus phellos, Celtis spp, Sapium sebiferum, Quercus 
stellata. 

Permeability 

A High 
Btg Moderately low 
Hydrologic Soil Group: D 

Boy - Grossarenic Paleudalfs (BO) 

Deep sandy soils on convex surfaces. 

TYPIFYING PEDON 

A horizon: 0-10 inches, lOYR 4/2 loamy fine sand. 

E horizons: 10-60 inches, lOYR 6/3 loamy fine sand. 

Btg horizon: 60 to 80 inches, lOYR 6/2 clay loam with common prominent Fe 
masses; common sand-coated macrovoids. 

Hydrolggy: Very rapidly draining soils. Rarely ponded, almost never flooded. Water 
frequently stands on Btg horizon (perched water table). 

Range in Characteristics: 

A horizon: less commonly fine sandy loam, colors of lOYR 4/2, 4/3, 4/4, 5/3, 
5/4. 

E horizons: occasionally fine sandy loam, colors of 10YR 6/3, 6/4, and 7/3. 
Common Fe/Mn nodules just above Btg horizon. 

Btg horizon: highly variable texture: clay loam, fine sandy loam, sandy clay loam, 
loam, and clay. 

Inclusions: AIdine-like soils commonly on margins of delineations. 

Parent materials: Stratified sands and loams. 
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Vegetation: Quercus Jalcata, flex vomitoria, flex Opaca, Quercus nigra, Pinus Taeda. 

Permeability 

A&E High to Very High 
Btg Moderately low 
Hydrologic Soil Group: B 

AIdine variant (AL) 

Moderately deep sandy soils on convex to flat surfaces. 

TYPIFYING PEDON 

A horizon: 0-6 inches, 10YR 3/2 fine sandy loam;. 

E horizon: 6-20 inches, lOYR 6/3 fine sandy loam. 

Btg horizons: 20-40 inches, lOYR 5/2 clay loam, common prominent Fe pore 
coats and few ped coats. Prominent sand coats on macrovoids. 

Hydrology: Rarely ponded or flooded. Frequently saturated on top of Btg horizon. The 
sand and silt coats on macrovoids are strong indicators of preferred flow regimes in these 
soils. 

Range in Characteristics: 

A horizon: Colors of lOYR 3/2, 4/2, and 5/3. 

E horizon: Colors of lOYR 6/3, 7/3, 5/2, and 6/2. 

Btg horizon: less commonly clay, colors of 5Y 5/1, lOYR 6/2, 5/2, and 6/l. 
Occasionally carbonate nodules below 30". 

Inclusions: Common inclusions of Boy and Aquic Hapludalfs. 

Parent materials: Stratified loams, sands, and clays. 
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Vegetation: Pinus taeda, Quercus stellata, Quercus faIcata, flex vomitoria, Sabal minor, 
Quercus nigra, Quercus phellos (-), Chasmanthium spp, Liquidambar. 

Permeability 

A&E Moderately high 
Btg Moderately low 
Hydrologic Soil Group: C 

Lake Charles Clay (LC) 

Clayey soils with high-shrink-swell capacity. 

TYPIFYING PEDON 

A horizon: 0-20 inches, lOYR 3/1 clay; pH 8.0 

Bss horizons: 20-60 inches, lOYR 3/1 clay; common slickensides from 20-50 
inches, grading to 10YR 4/2 with depth. 

Hydrology; Occasionally to frequently ponded in microlows. Ground water dynamics not 
well understood. 

Range in Characteristics: 

A horizon: colors of 10YR 2/1 and 3/1; occasional redox pore coats. 

Bss horizon: colors of lOYR 3/1, 4/2, 4/1. 

Inclusions: Common inclusions of Bernard and Addicks-like soils 

Parent materials: Dense clays, few sand bodies. 

Vegetation: Wooded areas Pinus taeda; Bacchrus haemato!olium, Carex cherokeinsis, 
Spartina spartinae, Andropogon glomeratus . 
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Permeability 

A Moderately low to low 
Bssg Low to very low 
Hydrologic Soil Group D 

Note: permeability in Vertisols is extremely variable. 

Aquert (AV) 

Depressional clayey soils with high shrink-swell potential. 

TYPIFYING PEDON 

Ag horizon: 0-10 inches 5Y 4/1 clay; common Fe pore and ped coats. pH 5-6. 

Bssg horizon: 10-40 inches, lOYR 5/2 clay; common faint Fe pore coats. 

Hydrology: frequently ponded. Groundwater situation unclear. 

Range in Characteristics: 

Ag horizon: less commonly clay loam, colors of 5Y 4/1, lOYR 4/1 and 5/2. 

Bgss horizon: colors of 5Y 4/1 and 6/1, lOYR 4/2, 5/2, 6/2. 

Inclusions: Lake Charles Clay, Addicks, Bernard. 

Parent materials: Dense clays, few sand bodies. 

Vegetation; Quercus phellos, Quercus falcata (var. pagodafolia?), Quercus nigra, Pinus 
taeda, Sapium sebiferum, sedges and rushes. 

Permeability 

Ag Moderately low to low 
Bssg Low to very low 
Hydrologic soil group D 
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Addicks/Bernard, undifferentiated (AB) 

This unit represents soils with generally fine-textured subsoils and dark surface 
horizons. The Addicks-like soils are sometimes coarser in the subsoil and usually always 
in the surface soil versus the Bernard-like soils. The Addicks-Iike soils are considerably 
finer in the subsoil than what is described in Soil Survey Staff (1976), but apparently fit 
the norm of what has actually been mapped in the county as Addicks. These two soils 
grade into each other on the landscape and it was not possible to differentiate them in 
the field under the present scope of work. 

TYPIFYING PEDON 

Addicks-like soil 

A horizon: 0-10 inches, lOYR 3/2 loam; pH 7-8. 

Bw horizons: 10-30 inches, lOYR 4/2 clay loam; pH 7-8. 

Bk horizon: 30-50 inches, 10YR 4/2 clay loam; few carbonate nodules; pH 7.5-8. 

Hydrology: rarely flooded, infrequently ponded. 

Range in Characteristics: 

A horizon: less commonly sandy clay loam, colors of lOYR 3/2, 3/0, 3/3 

Bw horizon: colors of 20YR 4/1, 4/1, 3/2, 6/2. 

Bk horizon: colors of 10YR 6/2 and 4/2; infrequently clay. 

Permeability: 

A Moderately high 
B Moderately low 
Hydrologic Soil Group D 
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Bernard 

A horizon: 0-20 inches, lOYR 3/2 clay loam; ; pH 7-8. 

Btkg horizons: 20-50 inches, lOYR 4/2 clay loam; carbonates commonly below 
about 30 inches; pH 7-8. 

Hydrology: rarely flooded, infrequently ponded. 

Range in Characteristics: 

A horizon: colors of lOYR 3/2 and 3/1. 

Bkg horizons: less commonly clay; colors of lOYR 4/1, 4/2, 5/2, 6/2. Depth to 
carbonates ranges from 6-34 inches. 

Inclusions: 
Common inclusions of Lake Charles Clay and Edna-like soils, particularly on 

pimple-mounds. Some pimple mounds may have Aldine-like soils. 

Parent materials: Stratified clays and loams. Fine textured materials generally to at least 
60-80 inches. 

Vegetation:Pinus taeda, Quercus nigra, Quercus phellos (minor), Sapium sebiferum, 
Chasmanthium sp., flex vomitoria. 

Permeability 

A Moderately high to moderately low 
B Moderately low 
Hydrologic Soil Group D 

Edna-Aqualf complex (EA) 

This unit is a complex mix of intermixed depressions, flats, and pimple mounds. 
The soil pattern is too complex to delineate at the mapping scape of this project. Flat 
and mounded soils are dominantly Edna-like, with some pimple mounds more like 
Aldine-like soils and occasionally Boy soils, and depressional soils are similar to the soils 
described for the Aqualf unit. Most depressions are interconnected, and range in width 
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from 10 to 50 feet. Mounds are irregular in shape range up to 50 feet across. 
Depressional coverage averaged about 20%, but in a few cases ranged to 70% coverage. 
These are ocular estimates only; no transects were carried out to quantify this estimate. 
Edna-like soils constituted the majority of the unit, probably 60% coverage. 

Hydrology; I estimate the depressions in this unit are not quite as wet as the Acer-Q. 
Phellos-Sabal depressions to the east, but still wet enough to qualify as jurisdictional 
wetlands. 

Range in Characteristics: Ranges similar to individual units described above. 

Inclusions: Most large depressions that cOl,lld be easily identified on aerial photography 
were delineated separately. Some mappable depressions included in this unit. 

Parent materials: Stratified loams, sands, and clays. 

Vegetation: 
Mounds 

Pinus taeda, Quercus stellata, flex vomitoria, Muhlenbergia sp., Tridens strictus. 

Edna flats 
Muhlenbergia sp., Spartina spartiliae, flex vomitoria, Schizocharium scoparium, Quercus 
stellata, Ulmus sp. 

Aqualf depressions 
Panicum ridgilum, funGus spp., Andropogon virginicus, Rhyncospora spp., Eleochrus spp., 
Panicum virgatum. 

Permeability As above for individual units. 

Aqualf-Edna (AE) 

This unit is similar to the Edna-Aqualf unit except that the depressions make up a 
larger percentage of the soil cover. Depressions average about 50% of the cover, with a 
few spots averaging less than 20% and a few averaging about 80%. Again, no transects 
were run to confirm these numbers. Edna soils averaged about 30-40%, and AIdine and 
Boy soils about 10-20%. 

Hydrology; as above for each component of the complex. 

Range in Characteristics: Ranges similar to individual units described above. 
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Inclusions: Most large depressions that could be easily identified on aerial photography 
were delineated separately. Some mappable depressions included in this unit. 

Parent materials: Stratified loarns, sands, and clays. 

Vegetation: as above for each named component. 

Permeability as above. 
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VEGETATION SURVEY 

GREENS BAYOU MITIGATION BANK 

INTRODUCTION 

The following report is a general description of the vegetation composition currently 
identified on the Green's Bayou Mitigation Bank Site. This analysis of vegetation is part of 
a more comprehensive biological assessment of the subject property that includes soils, 
wildlife, and hydrology studies that are necessary to evaluate habitat potential and wetland 
functions and values. 

This study was undertaken to establish baseline data that will serve two primary purposes. 
First, an historical record will be established that will provide a benchmark for future 
evaluations of species composition and distribution that will evolve as a result of wetland 
creation and growth during the mitigation bank project. 

Second, the data has been used to aid in the conceptual design of wetland creation and 
enhancement areas within the bank site. The composite of surveys (vegetation, soils, 
wildlife, etc.) provide the basis for many planning, design, and construction decisions, such 
as pine removal, construction techniques, and hydrological design among others. 

The following report, therefore, is a general description of the current vegetation 
composition identified on the subject site. In analyzing the vegetation patterns on this 
relatively large tract, it became evident that a trend-based analysis would be appropriate. 
While species mix varied across the site, certain trends were identified wherein one or two 
species remained dominant throughout. By grouping similar areas, based on the dominant 
trends, vegetation "associations" were identified and mapped for the entire mitigation bank 
site. 

OBJECTIVES 

1. To survey and evaluate current vegetation communities on the subject site with 
respect to species composition, pattern, vertical and horizontal stratification, and 
topographic position. 

2. To compile information from the survey into a baseline record. 

3. To aid in the determination of creation, enhancement and laize faire areas for the 
conceptual design of the mitigation bank development plan. 

4. To construct a detailed map displaying relative patterns of vegetation associations 
determined from the survey. 



SITE DESCRIPTION 

The Garners Bayou Mitigation Site is located within the northeastern corner of Beltway 8 
that circles Houston, Texas. The beltway serves as the northern boundary of the site, while 
a Union Pacific Railroad track bOorders the property on the east. Garners Bayou and Greens 
Bayou provide the western boundary. Lockwood Road transects the northeastern corner of 
the tract; several power-line and pipeline corridors transect the remainder of the property. 

Much of the site is presently a mixed hardwood/pine woodland, with pines predominating 
in the north and west portions. Although some large timber remains, the tract has been 
logged extensively. Open, marshy areas occur at lower elevations, and several ponds and 
oxbows provide permanent water. The utility corridors at the northeastern corner bordered 
by Beltway 8, Lockwood Road, the railroad track, and the mowed bank of Greens Bayou 
offer open, grassy areas. Brushy woodland borders exist in the majority of open areas, 
especially along the railroad track and pipeline easements. 

SITE HISTORY 

According to local sources and historic aerial photographs, the subject site was used for the 
commercial harvesting of pine lumber in the mid to late 1980s. The logging activity appears 
to have been performed harshly and abruptly. Evidence of the resulting disturbance can be 
seen in the change of vegetation ccimposition, historic aerial photographs, and the alteration 
of natural topography done by the building of roads. Subsequent to the period of heavy site 
disturbance, areas varying in secondary successional stages or seral stages have been created, 
where the expected natural vegetation composition differs from that of nearby undisturbed 
areas. 

Site reconnaissance indicates that much of the subject site was once dominated by hardwood 
and grassland that generally followed a relict meander scar wetland system and adjacent 
prairies. For the most part, pines were found to exist only in the topographic highs, as 
evidenced by the contrasting ages of older pine growth compared to the overall growth of 
hardwoods. 

Prior to lagging activities, the property was not used for any consumptive purposes. The age 
of the hardwoods, remaining pines, understory, regrowth, and surrounding forest suggest that 
the area may have been used as agriculture land prior to the turn of the century. 

Currently the property is being leased for cattle grazing. Hunting rights were leased 
routinely until approximately two years ago, around 1992 to 1993. 

The vegetation composition as it occurs today helps provide the habitat for whitetail deer, 
feral hogs, annelids, crayfish, rabbits, snakes and other reptiles, armadillos, grey squirrels, 
and numerous species of birds. 



- METHODOLOGY 

This vegetation survey was conducted by using a c.ombination of office and field evaluation 
techniques. Analyses of historic black and white aerial photographs, infra-red photographs, 
wetland determination data forms, and soil surveys were performed in-office to identify 
general vegetation trends on the site. 

Before the field survey, a review of the wetland determination data forms was performed. 
This review provided a baseline of species expected to be encountered. These forms only 
identify vegetation by the presence of facultative (FAC) , facultative wet (FACW), and 
obligate (OBL) indicators. Therefore, a general map was made using this information. 
Once the review was complete, the general map was compared to infra-red, historical aerial 
photographs, and site photographs taken from the wetland determination project. 

It was found that the vegetation trends generally follow the soils depicted in the Soils of 
Harris County Soil Survey (SCS 1976) in the areas where the soils are relatively undisturbed. 
However, a more detailed soil survey, which was conducted independently, shows a more 
intricate pattern which better correlates with the vegetation configuration illustrated in the 
map located in the appendices of this report. 

The vegetation trends were then field truthed for the entire site using pace transects, general 
range site observations, and additional evaluations of overall species composition. A site 
survey was conducted in which several pace transects of each assessment area were 
performed to verify the conclusions made in the office review. The transects were 
performed by taking two paces and noting the species at the tip of the toe at the end of the 
second pace. This method gave an approximate dominance value to the species identified 
on the site. Vegetation associations were then identified and mapped for the project site. 

INFLUENCES 

The current vegetation composition has been influenced most greatly by logging activities. 
The predominance of this activity is evident in historic aerial photographs and in the 
contrasting ages of pines compared to hardwoods on site and in surrounding areas. The 
logging opened up the canopy, thereby allowing pine and hardwood seedlings to establish. 
Pines are much faster growing than hardwoods and, once established, create an understory 
microenvironment in which few other plants can thrive. It is possible that at one time this 
area was dominated by hardwoods and grasslands, since the area covered by old meander 
scars seen in aerial photographs is extensive. 

Other dominant influences include hydrology and soil composition. Precipitation, available 
soil water, soil drainage capability or class, infiltration rate, percolation rate, water holding 
capacity, and evaporation rate of bare soil are among the primary factors that must be 
considered. The interaction of soils and hydrology determines vegetation composition; that 



is, the proportion of these two parameters determines the compatible species inhabiting a 
particular area. Species able to tolerate water-logged soil with an acidic pH will differ 
considerably in growth form and function of vital processes from those that can tolerate 
aerated soil with a more basic pH. 



VEGETATION ASSOCIATIONS 

PINUS ASSOCIATION (Pine) 

Dominated by Pinus taeda (Loblolly Pine) interspersed with few Quercus nigra (Water Oak), 
Myrica cerifera (Wax Myrtle) and Ilex vomitoria (Yaupon) mostly on the edges, yet 
occasionally becoming dense where Pinus taeda (Loblolly Pine) is slightly sparse. Grass 
cover varies in dominance. The main herbaceous species occurring are Andropogon 
virginicus (Broomsedge Bluestem), Muhlenbergia capillaris (Long Awn Muhly) and Spartina 
spartinae (Gulf Cord grass) also along the edges. Deep within the association Chasmanthium 
sessiliflorum (Long Leaf Spikegrass) can be found among a solid ground cover of Pinus 
taeda (Loblolly Pine) leaf litter. 

QUERCUS ASSOCIATION (Oak) 

The characteristic species of this association are Quercus nigra (Water Oak), Quercus fa1cata 
(Red Oak), Quercus phellos (Willow Oak) and Quercus stellata (Post Oak). Dominance of 
each species varies with soil type, age and severity of past disturbance, topography and 
photoperiod allowed by surrounding canopy. This association is additionally characterized 
by the scattered presence of Myrica cerifera (Wax Myrtle), Ulmus alata (Winged Elm), 
Chasmanthium sessiliflorum (Long Leaf Spikegrass), Sabal minor (Palmetto), Sapium 
sebiferum (Chinese Tallow-Tree), and Liquidambar styraciflua (Sweet Gum). 

PINUS-QUERCUS ASSOCIATION (Pine-Oak) 

Predominantly Pinus taeda (Loblolly Pine) with the secondary species being a mix of 
Quercus nigra (Water Oak), Quercus falcata (Red Oak), and Quercus stellata (Post Oak) 
varying in density by soil type and time and severity of past disturbance. The understory is 
dominated by shrub species. This shrub layer is characterized by Ilex vomitoria (Yaupon) 
and Myrica cerifera (Wax Myrtle) occurring more densely along cleared edges. Herbaceous 
cover is interspersed and consists mainly of Carex cherokeensis (Cherokee Sedge), 
Eleocharis montevidensis (Sand Spikerush), Chasmanthium sessiliflorum (Long Leaf 
Spikegrass), and Andropogon virginicus (Broomsedge Bluestem). 

ACER-QUERCUS ASSOCIATION (Maple-Oak) 

Varying in dominance with soil type and time of disturbance, this association is characterized 
by the presence of Acer rubrum (Red Maple) and Quercus phellos (Willow Oak) with Sabal 

,- minor (Palmetto) miscellaneously occurring. 



TAXODIUM ASSOCIATION (Bald Cypress) 

Dominant canopy is Taxodium sp. (Bald Cypress) with few Sabal minor (Palmetto) along 
the edges of the ponding area. 

ERIANTHUS ASSOCIATION (Plumegrass) 

Erianthus strictus (Plumegrass) is the dominant species with scattered Sabal minor 
(Palmetto) and Pinus taeda (Loblolly Pine). 

MUHLENBERGIA ASSOCIATION (Long Awn MuhIy) 

This area has an almost equally distributed canopy cover of Muhlenbergia capiIIaris (Long 
Awn Muhly), Spartina spartinae (Gulf Cordgrass), Carex cherokeensis (Cherokee Sedge), 
Crataegus sp. (Hawthorne), Baccharis halimifolia (Willow Baccharis) and interspersed with 
saplings of Pinus taeda (Loblolly Pine). 

MUHLENBERGIA-ANDROPOGON ASSOCIATION (Muhly-Bluestem) 

This grassland is occupied most dominantly by Muhlenbergia capiIIaris (Long Awn Muhly), 
Andropogon virginicus (Broomsedge Bluestem) and Andropogon glomeratus (Bushy 
Bluestem). Patches of Myrica cerifera (Wax Myrtle), Schizachyrium scoparium (Little 
Bluestem), and Panicum virgatum (Switchgrass) are dispersed throughout the area. 

TRIDENS-ELEOCHRIS ASSOCIATION (Tridens-Spikerush) 

This association is characterized by a dominant cover of Tridens strictus (Long Spike 
Tridens) in the higher topographic locations and Eleocharis montevidensis (Sand Spikerush) 
in the depressions caused by the shrink/swell characteristics of the soil. Secondary species 
include Andropogon virginicus (Brooms edge BIuestem), Muhlenbergia capiIIaris (Long Awn 
Muhly), Crataegus sp. (Hawthorne), and Sapium sebiferum (Chinese Tallow-Tree). 

ANDROPOGON-CAREX-PANICUM ASSOCIATION (Bluestem-Carex-Panicgrass) 

Ground cover is dominated by Andropogon glomeratus (Bushy Bluestem), Carex 
cherokeensis (Cherokee Sedge), and Panicum rigidulum (Red Top Panic Grass). This area 
is beginning to show signs of invasion by Pinus taeda (Loblolly Pine) saplings. 



WETLAND POTENTIAL 

A significant portion of the Greens Bayou Mitigation Site has been delineated as wetland. 
The majority of these wetland areas are dominated by Quercus phellos (Willow Oak), Sabal 
minor (Palmetto), Acer rubrum (Maple), and Liquidambur (Sweetgum). There are also two 
very distinct wetland areas, one of which is dominated by Taxodium spp. (Bald Cypress) and 
the other is dominated by Erianthus strictus (Plumegrass). The presence of these plant 
species suggest that the increase of wetland areas would be successfully "planted" by natural 
means. Although the wetland areas are currently present and functioning, it is undetermined 
what effect the past logging activity my have had on their value. 

However, to help ensure unneeded competition, the pines that currently grow in low lying 
areas and areas designated as creation plots should be permanently removed. Pines can use 
up to 600 gallons of water per day, transpiring and intercepting more water than hardwoods 
or grass/grasslike species. The transformation of a pine forest to a hardwood forest will 
result in an estimated 4 inch increase in the water budget in the first year following the 
metamorphosis. To change a pine forest to a grassland will result in an estimated 8 inch 
increase in the water budget in the first year following the transformation. 

Once the creation process begins and soil saturation levels increase in duration, the pines 
will become stressed. When this occurs, the induced conditions are favorable for Pine Bark 
Beetle infestation. The beetle is a very prolific menace and would spread rapidly if 
established. Even if the beetle does not establish itself, it is unlikely that the pines will 
survive the new soil conditions created. When the pines die, and eventually fall, they will 
add to the nutrient cycle. It is possible to overload the system beyond its current capacity. 
However, the eutrophication process will develop slowly over time and should not be 
accelerated. The fallen pines could also "clog" a system, preventing it from functioning 
properly. The encroachment of Pinus taeda (Loblolly Pine), therefore, would alter the 
hydrology. Therefore the removal of pine trees would enhance the abilities of the wetland 
areas to function. 

In addition to the prime resource areas, there are four distinctly different grasslands. 
Beginning in the northeast corner of the property, on the east side of Lockwood Road is a 
grassland dominated by Muhlenbergia capillaris (Long Awn MuhIy), Andropogon glomeratus 
(Bushy Bluestem) and Andropogon virginicus (Broomsedge Bluestem). On the west side of 
Lockwood Road is an area dominated by Eleocharis mP.:. (Eleocharis) and Tridens strictus 
(Long Spike Tridens). In the northwest portion of the property is a grassland dominated 
by Muhlenbergia capillaris (Long Awn Muhly). The southwest segment of the property 
shows a grassland dominated by Andropogon glomeratus (Bushy Bluestem), Carex 
cherokeensis (Cherokee Sedge), and Panicum rigidulum (Red Top Panic Grass). All of 
these grassland areas are greatly utilized by wildlife. 

The greatest percentage of the site is dominated by a mix of pine and hardwood, with the 
observed dominant species varying with soil and hydrology conditions. The perceived age 



-- of the pine population indicates that their occurrence and relatively recent spreading is a 
direct result of the logging activity done in the late 1980s. 

The potential for creating and enhancing wetland areas in this site is high if the proper steps 
are taken. The wetland areas, currently identified as covering thirty percent of the site, are 
rich with diversity and function. Since the site currently contains many species of 
hydrophytic vegetation, it is probable that if given the appropriate hydrogeomorphic 
conditions, the remaining areas to be created would be "naturally" planted with these species. 
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5. Topographic Survey 

The topography of the site is described as a complex of 
upland flats in a somewhat convoluted orientation with 
broad, subtle changes in elevation. This results in 
very complex areas of intricate depression patterns, 
with the more pronounced channel scars being the 
generally dominate low areas. Historical one foot and 
current five foot topographical maps from the U. S. 
Department of the Interior Geological Survey (USGS) 
were reviewed in order to evaluate the site's elevation 
changes and to establish probable flow patterns related 
to hydrology. In addition, Federal Emergency 
Management Agency (FEMA) maps were reviewed to 
establish flood plain boundaries on the site. 

The most prominent feature of the landscape is a slight 
ridge which runs in a generally north-south direction 
just east of the center line of the property and curves 
northeast toward Beltway 8 and the HL&P power line 
easement. The majority of pristine wetlands on the 
site are located immediately east of this ridge in a 
series of large irregular depressions and meander 
channel scars. continuing east, the terrain forms a 
large, broad prairie flat on the northeast portion of 
the tract. 

West of the ridge, the topography runs gently downgrade 
toward Garners and Greens Bayous with very subtle drops 
in elevation. The different elevational levels occur 
as narrow bands in some areas, then spread to broad 
open flats which generally dominate the terrain. The 
random, non-linear depressions of varying sizes and 
concentrations that exist on these flats have created 
surface formations which characterize the majority of 
complex wetland areas found on the site. 
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6. water Budget 

The hydrology of the subject property is largely 
affected by a combination of historical natural 
features, topography, soil compositions, rainfall, 
periodic flooding, and manmade barriers. The pristine 
wetland areas appear to be major collection points that 
would not be dry except under extreme conditions. The 
deeper channel scar depressions also demonstrate the 
ability to retain water for extended periods and are 
probably wet under most circumstances. The 
predominance of clayey soils, which have low 
permeabilities and poor drainage, enhance the retention 
time of waters that occupy significant surface areas on 
the property. The relatively flat nature of the 
terrain generally does not provide adequate slope for 
runoff and, therefore, the residence time of rain and 
periodic flood waters is high within the complex "up 
and down" areas which occur in some of the flats. 

The historical natural flow patterns, especially those 
along channel scar meanders, have been interrupted by 
the construction of an elevated railway and utility 
easements. These manmade barriers have been in place 
for many years and have served to restrict flow 
patterns and create ponding areas adjacent to the 
actual installations or along spoil banks. The 
resulting soil saturation has produced hydric 
condi tions and wetland development. The most 
pronounced areas of restrictions are located along the 
railroad right-of-way, between the north/south oriented 
utility easement and the meander ridge. 

The property showed very little evidence of high 
velocity water flow, indicating that drainage of the 
property is slow to moderately slow. There were few 
visible signs of debris or driftlines in high water 
areas which would be indicative of high flow rates. 
Obviously, flow rates would be expected to increase 
during periodic floods and the subsequent receding of 
water. However, since the majority of the site lies on 
the outer edge of the flood plain of the nearby bayous, 
the primary driver of hydrological activity is 
considered to be rainfall and its collection and 
movement on the property. Soil saturation and ponding 
were prevalent during site investigations and were 
attributed to recent heavy rains. 

The upland portions of the site, which occupy the 
majority of acreage, contain sufficient topographical 
features and drainage mechanisms to prevent extended 
periods of water retention. During periods of above 
normal precipitation these areas may, from time to 
time, show signs of moderate soil saturation or some 
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standing water. However, the necessary conditions do 
not exist for wetlands to develop and these portions of 
the property remain characteristically upland in their 
features. Overall hydrological patterns on the subject 
property indicate that high velocity water flow is 
generally not present except under extreme conditions 
(e.g., floods). Under normal circumstances the highest 
flow rates appear to be along the prominent channel 
scar meanders, as would be expected, which move through 
the site in an "s" shaped system and provide the 
primary drivers of hydrological activity. 
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WATER BUDGET ANALYSIS 

SWRRBWQ MODEL 

The Greens Bayou Mitigation Bank site was evaluated using the Simulator for Water 
Resources in Rural Basins - Water Quality (SWRRBWQ) model to simulate surface 
hydrology behavior on the property and wetland ponding tendencies for created wetlands. 
The simulations were performed using historical precipitation, temperature, soil, and 
evaporation data for the immediate area, as well as topographic and vegetation information 
compiled from direct site evaluations. 

Since the bank site is isolated from surrounding watersheds by roads and railway 
installations, the primary source of water for wetland development is considered to be 
rainfall. Occasional floods from the adjacent Greens and Garners Bayous will supply high 
volume, short duration hydrologic events that will inundate significant portions of the site. 
However, these events are not considered to be consistent sources of water and should be 
seen only as supplements to precipitation. 

A ten year interval was simulated in the model to evaluate the site under the 3-4 year wet 
and dry cycles that are characteristic of the Gulf Coast area. This wet/dry cycle can be 
directly correlated to spatial water expansion and drawdown that occurs in palustrine 
wetland systems such as those that will be created in the mitigation bank. 

SIMULATION RESULTS 

Subdivision A, which will be the first wetland creation area in the bank, was chosen for the 
pond budget evaluation. Because it is somewhat isolated from the other subdivisions and 
is located topographically "high" in the watershed, a positive pond budget analysis in this 
subdivision would suggest that rainfall driven wetlands would have significant chances of 
success. This would be true not only for the higher position areas, but for those downslope 
as well. 

Subdivision A slopes gently and uniformly from north to south, with a total elevation drop 
of approximately five feet. The simulation was set up to assume that the southern end of 
the subdivision would be bermed on all sides, thereby creating an approximate 100 acre 
reservoir in the southern half of the site with a potential nominal water depth of 1.5 feet. 
The average slope through the reservoir area would be approximately 0.13 ft/IOO ft. 

Based on the results of the pond budget simulation, it was found that a shallow pond, or 
wetland depression, could be successfully constructed relatively high in the watershed of the 
bank site, and could be hydrologically sustained by precipitation. Under average conditions, 
the surface area of the pond would cover approximately 50·55 acres, leaving additional 
expansion capacity of 45-50 acres. Since this geographical area is subject to high intensity, 
short duration rainfall events that produce rapid runoff conditions, the additional capacity 



would be utilized, thereby creating periodic inundation of fringe areas in the upslope portion 
of the pond. Post-event water recession and drawdown would be correspondingly rapid; 
however, saturated soil conditions would be expected to exist for some time after. 

It was also found that under extremely dry conditions, the pond would reduce in size to 
approximately 18-20 acres. There was no indication in the simulation that a completely dry 
pond condition would occur. During extended wet conditions of above average rainfall 
years, the pond would expand to approximately 75 acres. 
The surface hydrology model indicates that, during moderate to wet years, as much as 30-
40% of available precipitation may leave the site by surface and subsurface flows on an 
annual cumulative basis, after allowances for deep soil percolation and evapotranspiration. 
During wetter periods, as much as 50% losses may be expected during single events of 2+ 
inches. Dry periods showed little or no losses, as would be expected. 

HYDROLOGY ENHANCEMENTS 

Given the results of the surface hydrology and pond budget models, the goal of a successful 
wetland design would be to capture and retain the precipitation normally lost through 
surface and subsurface runoff during larger rain events. In Subdivision A, this can be 
accomplished by making use of the natural topographic slope with a low berm constructed 
at the downslope end. This will create a reservoir to capture surface runoff during average 
conditions and provide sufficient capacity to capture peak flow events as well. 

Complete hydrological enhancement of the site would also include design parameters for 
capturing subsurface flows to induce longer periods of soil saturation and greater ponding 
tendencies. This goal could be accomplished by placing an impermeable barrier 
perpendicular to flows in the upper few feet of the soil strata. The installation of this 
feature should take place at the same downslope end of the subdivision as the berm, thereby 
creating a full cross sectional barrier to potential off site flows. 

Once the structural modifications to the site are complete, the wetland site can be flooded 
to induce soil saturation and ponding. This activity is recommended to accelerate wetland 
development and to prevent a long initial filling period that may result, especially if 
construction is completed during a dry cycle. 



Rainfall Data for Greens Bayou 

1 AVGrl 4.20 3.89 2.91 3.35 2.35 2.71 3.23 4.78 3.88 3.98 4.18 

Da!.1. taken from "Hydrologic Datafor Urban Studies". Data recorded at gage 08076000, located on U.S. 
Highway 59 at Greens Bayou. 

Dodson & Associates, Inc. Job No. 166.01 



C. Conceptual Design Phase Services: 

The contents of this section include a generalized fashion 
the geomorphic characteristics of the existing wetland 
hydrology the proposed hydrologic improvements, and 
proposed planting scheme for the Greens Bayou Wetlands 
Mitigation Bank. Although the discussions herein are 
directed at the proposed mitigation standards, the nature 
of the discussion must be limited to a conceptual 
discussion. The final design is dependent upon the 
constructi ve input and approval of the interagency 
Mitigation Bank Review Team (MBRT). 

Several key issues required resolution prior to proceeding 
with the creation of the mitigation bank. Of these issues 
the following are discussed in further detail in this 
section: 

- Conceptual Plans - Prepare conceptual plans for the 
various subdivisions in the project. 

- Baseline - Perform the Wetland Evaluation Technique for 
the project subdivisions within the bank in order to 
model and evaluate the wetland functions and values 
that currently exist within the site. 

- Quantification 
quantify the 
wetland. 

Methodology - Establish a methodology to 
value of functions and values of a 

- Memorandum of Aareement (MOA) and Land Use Aareement -
Prepare the MOA and land use agreement necessary to 
obtain MBRT approval for the creation of a wetlands 
mitigation bank. 
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- 1. Conceptual Plans 

It was determined that the site consists of several 
distinct ecological divisions, distinguishable by 
vegetation associations within the site. These 
vegetation associations in turn reflect differing 
ecological functions for wildlife diversity and 
abundance, flood flow alteration, and the other 
functions and values generally associated with wetland 
systems. The site was therefore divided into areas 
with generally similar ecological characteristics and 
planned banking activities so that individual site 
development plans could be designed for each division 
by identifying appropriate functional parameters and 
objectives (see Exhibit S). 

Areas wi thin the site were evaluated based on their 
existing conditions and potential design. Various 
portions of the site were identified as locations to 
create, enhance, or preserve wetlands (see Exhibit T). 
Although this layout is preliminary, it gives a general 
conceptual plan to pursue. 

Subdivision A was selected as the first subdivision for 
wetlands creation as it was expected to provide the 
quickest success. A conceptual plan was developed and 
preliminarily approved by the MBRT for the creation of 
a palustrine emergent wetland. Wetlands creation was 
to be achieved through enhanced hydroperiod, grading, 
contouring and structural improvements and vegetation 
management. 

Subdivision A is one division within the site that is 
based on differing vegetation patterns, topographical 
features, soil types, and hydrologic characteristics. 
Subdivision A differs quite dramatically from the other 
subdivisions in that it is as a relatively flat, native 
grass upland with little or no forested evergreen or 
hardwood cover, except for its northwest portion. This 
upland grass prairie is further divided by the 
existence of a cleared, one hundred and twenty foot 
electric transmission easement along its western 
boundary. It is, by far, the most logical subdivision 
of the project. 

Additionally, it appears to represent the subdivision 
with the greatest immediate potential for producing and 
demonstrating wetland conversion values. When 
complete, the area is designed to attract migrating and 
resident waterfowl, create habitat for aquatic 
lifeforms and other wetland dependent species, provide 
functional sediment and toxicant removal, and provide 
flood flow alteration. It clearly represents the 
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logical choice 
Mitigation site 
demonstrate and 
bank concept. 

wi thin the entire Garners Bayou 
for the Flood Control District to 

verify the success of the mitigation 

since the success of any wetland is dependent on its 
available hydrology regime, Subdivision A is designed 
to make optimal use of existing water sources using 
passive collection systems to create a seasonally to 
semipermanent flooded hydroperiod in an upland area 
that currently has moderate to high surface runoff and 
water yield. Two water sources are available for the 
site. The primary source will be precipitation capture 
and retention; the secondary source will be potential 
stormwater runoff di verted from surrounding roadways 
along the northern boundary of the site. 

water collection will be accomplished using two primary 
methods. To capture precipitation runoff that would 
otherwise leave the site, a berm will be constructed 
along the east, south, and west boundaries which lie at 
the topographic downslope position of the Subdivision. 
(See Exhibit U) Stormwater runoff from roadways will 
be conveyed to the site by constructing generally 
linear channels that will provide necessary gradient 
and flow rates to deliver maximum available water to 
the wetland area with minimal infiltration in the 
upland soils on the northern portion. 

At the upland/wetland transition linear water delivery 
will be desynchronized by a network of shallow swaled 
conveyances interspersed with varying bottom contours. 
This design provides uniform water distribution 
throughout the site for maximum coverage, at the same 
time reducing velocity-induced erosion forces and 
increasing sediment/toxicant retention for waters 
brought in from off site. 

The hydrology of Subdivision A is designed to optimize 
natural hydroperiod cycles characteristic of this 
geographic region. More specifically, this cycle is 
identified as the period between late October and late 
May of most years when peak annual rainfall occurs in 
conjunction with low evapotranspiration rates and high 
soil saturation. Ponding and soil saturation 
tendencies are high during this period, creating 
optimal conditions for wetland plant growth. Natural 
draw down periods will occur between June and October 
during offpeak rainfall months with higher 
temperatures. 
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The existing natural site characteristics and natural 
features of Subdivision A provide the basis for the 
site design and grading plan to accomplish successful 
wetland construction. From the principal of "following 
the lead of nature," the site grading plan was derived 
and incorporated into the design. 

The existing site gently slopes (0-1%) from the 
northwest corner of the site (elevation 60') to the 
southeast corner (elevation 54'). Approximately 15% of 
the site, in the northwest corner, is forested and 
tapers from dense woodland to new emerging, widely 
scattered saplings progressing to the southwest. The 
saplings give way to a mildly sloping native upland 
grass prairie which comprises approximately 85% of the 
Subdivision. 

Subdi vision A is further divided into two areas which 
are separated by Lockwood Street. The boundaries of 
the subdivision are Beltway 8 on the north, the 
remainder of the Mitigation Bank property to the west 
(separated by the power line easement), and the 
elevated railroad track to the southeast. The 
boundaries create a triangular shaped property which is 
isolated from surrounding property influences of 
largely man-made improvements. 

Improvements to the property to enhance the natural 
existing features will be performed according to a 
grading plan, carried out as follows: 

The east, south and west boundaries of the site will 
contain a levee type berm constructed to 59' ASL so 
that existing primary surface drainage from the site 
will be retained. An overflow weir structure will be 
constructed on the southern end of the western berm to 
create both overflow and diversion mechanisms for water 
during high input periods. Since water depths are 
expected to vary with climatic conditions, freeboard is 
inherent to this design and will enhance the floodflow 
alteration functions for the area. 

The surface of the prairie/forest fringe will be cut to 
approximately 12 inches below natural grade to allow 
the created wetland to intersperse with forested areas, 
creating irregularly shaped upland/wetland boundaries 
that increase fringe habitat and diverse cover types 
preferred by some emergent plant species, wildlife, and 
wading birds. 
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The existing surface of the construction site will be 
excavated as necessary and the soil stockpiled in 
upland areas. This "seedbed" material will be retained 
for its organic and seedstock value, then will be 
spread over the site when the finished elevations are 
established. Spreading will allow a shallow organic
rich cover to be placed over the clayey Lake Charles 
soil surface, thereby enhancing preferred vegetation 
succession. 

Convex landscape positions (island habitat) and 
depressions will be created from soil movement on the 
site. The size and shape of both islands and 
depressions will be subject to minor modification which 
will result from the "cut and fill" volumetric 
calculations at the time of final engineered drawings. 
Levee berm material will be obtained from surface 
soils. 

Detailed evaluations of the entire mitigation site and 
surrounding properties have indicated that a large 
diversity of wetland plants inhabit the area 
surrounding Subdivision A. The vegetation management 
plan for the site is designed to make use of expected 
natural seed transport and plant succession that will 
develop wetland vegetation classes consistent with 
adjacent and nearby sites. 

Based on the planned hydrology regime, emergent species 
such as Sedges (Carex spp.), Flatsedges (Cyperus spp.), 
Rushes (Juncus spp.), and Spikerushes (Eleocharis spp.) 
are expected to develop quickly in drawdown zones, 
eventually covering most of the site. 

After final grading elevations have been achieved, 
selected species will be planted above the normal high 
water level to enhance plant strata and encourage 
additional wildlife diversity. Candidate species such 
as Pecan (Carya spp.), Hackberry (Celtis spp.), Panic 
grasses (panicum spp.), and Paspalums (Paspalum spp.) 
will be used in this application. Water Oaks (Quercus 
nigra) and willow Oaks (Quercus phellos) are also 
expected to inhabit these areas through natural seed 
transport from dense populations of these species in 
surrounding areas. 

Invasive species, such as Chinese Tallows (Sapium 
sebiferum), are also expected to generate on the site. 
However, through regular inspection and maintenance 
procedures, these species will be removed and 
controlled as necessary to ensure that more desirable 
species have maximum opportunity to flourish. 
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2. Baseline Evaluation: 

Establishing the value of existing wetlands functions 
and values is critical to operating a mitigation bank. 
After extensi ve research, it was determined that the 
Wetland Evaluation Technique Volume 2 (WET) would be 
the appropriate technique for this site. This 
technique was approved for usage on this property by 
the Mitigation Banking Review Team on November 29, 
1993. 

The Wetland Evaluation Technique (WET), which has been 
used extensively to evaluate wetlands, identif ies and 
assesses priority functions of wetlands and their 
interactions with each other. Since WET was developed 
as a general assessment method for wetlands on a 
national scale; that is, it is not region-specific, 
wetland functions that may be characteristic of one 
geographical area may not be characteristic of another. 
Therefore, it is possible for certain wetland functions 
to have conflicting interactions with others. For 
example, WET evaluates both groundwater recharge and 
groundwater discharge effectiveness, even though it is 
highly unlikely that these two functions would co-exist 
in a given wetland. 

However, when used and evaluated properly, WET can 
identify and measure, to a great extent, the higher 
valued functions of a given wetland as they relate to 
the ecological setting in which the wetland exists. 
This capability is especially useful for predicting the 
functions and values that will develop in a properly 
designed and constructed wetland as well. 

Using information gathered from detailed baseline 
evaluations, including WET, surface hydrology modeling, 
vegetation surveys, avian surveys, soil surveys, and 
topographic contour mapping and modeling, subdivision A 
is designed to produce the priority functions and 
values generated by the WET evaluation for this area. 
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Subdivision A was evaluated for its current wetland 
functions and values using the 1987 version of WET 
Volume 2 Methodology. This methodology was interpreted 
and adapted to generate applicable baseline functions 
and values for current site conditions, and to identify 
the priority functions and/or values to be incorporated 
into the goals of the project. 

Based on the total assessment of the site, a palustrine 
emergent class wetland has been designed, resulting in 
the following priority functions and values expected to 
increase in effectiveness over the life of the project: 
1) Floodflow Alteration, 2) Sediment Stabilization, 
3) Sediment/Toxicant Retention, 4) wildlife Diversity/ 
Abundance, and 5) Uniqueness-Heritage. 

Field data and other raw input are maintained as 
permanent records of the sponsor and are available for 
MBRT review. The summary results of the Wetland 
Evaluation Technique model for Subdivision A are 
identified below. 

Summary of Evaluation Results for Subdivision A 

Social Effective- Oppor-
significance ness tunity 

Groundwater Recharge L L * 
Groundwater Discharge L L 
Floodflow Alteration M M 
Sediment Stabilization M H 
Sediment/Toxicant Retention M L 
Nutrient Removal/Transform M L 
Production Export * M 
Wildlife Diversity/Abundance M * 
Wildlife D/A Breeding * L 
Wildlife D/A Migration * L 
Wildlife D/A wintering * M 
Aquatic Diversity/Abundance L L 
Uniqueness/Heritage M * 
Recreation L * 

NOTE: "H"=High, "M"=Moderate, "L"=Low, "U"=Uncertain, and 
,,*,"s identify conditions where WET does not evaluate 
functions and values. 

* 
H 
* 
L 
L 
* 
* 
* 
* 
* 
* 
* 
* 

The following information is the detailed baseline 
evaluation for Subdivision A utilizing the WET 
evaluation technique . Although baseline evaluations 
have been preliminarily performed on all the 
SUbdivisions, only Subdivision A is included herein to 
keep the report from becoming too cumbersome. 

-25-



AA INFORMATION Page 

Site: GREENS BAYOU BANK 

AA: SUBDIVISION A 

Prepared by Berg..()lIver Associates, Inc. Printed 02109195 

Description: 

Approximately 220.82 acres located in the northeast portion of the bank site, bounded by Beltway 8 on the north. the 
Union Pacific Railroad on the east-southeast, and an HL&P easement on the west. The far east part of the 
subdivision is transected by Lockwood Road. 

This AA represents present conditions. 



EVALUATION SUMMARY 
Site: GREENS BAYOU BANK 

AA: SUBDIVISION A 

Prepared by Berg-Ollver Associates, Inc. 

Function 

Ground Water Recharge 
Ground Water Discharge 

Floodflow Alteration 
Sediment Stabilization 
Sediment/Toxicant Retention 
Nutrient RemovalfTransformation 

Production EX1lOrt 
Wildlife Diversityl Abundance 

Breeding 
Migration 
Wintering 

Aquatic Diversi tyl Abundance 
UniquenesslHeritage 
Recreation 

Harvested Waterfowl Groups 
Wood Duck - Migrating 
Wood Duck - Wintering 
Scaup (Greater and Lesser) - Migrating 

Scaup (Greater and Lesser) - Wintering 
Bufflehead - Migrating 
Bufflehead - Wintering 
Inland Geese - Migrating 
Inland Geese - Wintering 

Wetland-Dependent Bird Species 
Egret, Great - All Year 
Egret, Snowy - All Year 

Heron, Great Blue - All Year 

Heron, Green - All Year 
Heron, Little Blue - All Year 
Ibis, White - All Year 

Kingfisher, Belted - All Year 
Sandpiper, Spotted - All Year 

Sparrow, Swamp - All Year 
Warbler, Prothonotary - Nesting 

Warbler, Swainson's - Nesting 
Yellowthroat - All Year 
Heron, Yellow-crowned Night - All Year 

(Note An (.) represents an alternative value) 

Social Significance 

Low • 
Low • 
Moderate 
Moderate 
Moderate 
Moderate 

Moderate 

Low· 
Moderate 
Low 

Effectiveness 

Low 
Low 
Moderate 
High 
Low 
Low 
Moderate 

Low 
Low 
Moderate 

Low • 

Value 
Low 

Low 
Low 
Low 
High 
High 

Low 
Low 

Value 
Low 

Low 
Moderate 

Low 
Low 

Low 

Low 
Low 

Low 
Low 

Low 
Moderate 
Low 
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Opportunity 

High 

Low 
Low 
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Function 

Ground Water Recharge 

Ground Water Discharge 

Floodflow Alteration 

Sediment Stabilization 

Sediment/Toxicant Retention 

Nutrient Removalffransformation 

Wildlife Diversityl Abundance 

Aquatic Diversity/Abundance 

UniquenesslHcritage 

Recreation 

Value 

Low 

Low 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Low 

Moderate 

Low 

Page 
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Comment 

ALTERNATIVE VALUE USED 
Groundwater recharge is known to be of low 
social significance andfunction to this parI of 
the Gulf Coast area. 
(WET Value = Moderate) 

ALTERNA TIVE /':4LUE USED 
Groundwater discharge is known to he of low 
social significance and function to this part of 
the Gulf Coast area. 
(WET Value = Moderate) 

ALTERNATIVE VALUE USED 
Aquatic diversity and abundance is 
considered to be of moderate significance to 
the service area of this site. The types of 
wetlands systems identified in this sen'ice 
area are predominantly palustrine systems 
with little or no aquatic habitat (aquatic 
emphasisis in WET 2.0focuses on fish 
species). Therefore, the Social Significance of 
this function for the AA is considered low. 
(WET Value = Moderate) 
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Red Flags 

I. Federal or State endangered. threatened. or candidate species usc the AA: NO 

2. The AA is part of an area owned by an organized conservation group or public agency: NO 

Page 
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The assessment for this M was performed prior to its purchase by ffCFCD for the creation of a mitigation 
bank. Ownership by HCFCD for this purpose constitutes an activity that increases the social signiflcancefor 
Ihe site. However, since this evaluation determines baseline values prior to improvements, this question was 
answered ",Vo. " 

3. The AA is included in a statewide listing of historical or archaeological sites: NO 

~. The AA has ecological or geological features considered by scientists to be unusual or rare for wetlands in the 
region: NO 

5. The AA represents most or all of the wetland system in this locality: NO 

6. Substantial public or private expenditures have been made to create. restore, protect, or ecologically manage the 
ANlA NO 

See "Comment" in Question 2. 

On-Site Wetland Social Significance 

7. In the AA or in contiguous wetlands there are biological communities that are stressed by saline springs or 
abnormally high salinities: NO 

8. Point sources of pollution or other features of social or economic value exist within or adjacent to the AA that 
might be inundated by flooding of the AA: NO 

Off-Site Wetland Social Significance 

9. Features of social or economic value exist within the 100 year floodplain of the area specified, or a dam for flood 
control has been proposed within 5 miles upstream or downstream: NO 

10. The following are present within the area specified: harbors, channels, stormwater detention ponds. or reservoirs 
that are dredged or cleaned regularly -OR- artificial recharge pits -OR- fish spawning areas that are known to be 
sensitive to siltation -OR- commercial shellfish beds -OR- areas known to be in violation of Section 40 I of the 
Clean Water Act water quality standards due to suspended solid or toxicant levels: NO 

- II. There are bodies of water within the area specified that have been targeted by government agencies as "priority 
areas" for construction of wastewater treatment facilities or other water quality improvement projects: NO 
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12. There is surface water within the AA or the area specified that is a major source of drinking water: NO 

13. In the area specified bodies of water are known to be especially nutrient-sensitive or subject to regular blooms of 
algae. aquatic fungi, or oxygen-related fish kills -OR- bodies of water are known to be in violation of Section 40 I 
water quality standards due to nutrient levels: NO 

I ~. There are swimminglbathing areas that are used frequently in the area specified: NO 

15 A threatened or endangered species that is wetland-dcpendent regularly inhabits the area specified: NO 

16. In the area specified there are either sites designated by the USEPA as Sole Source Aquifers or Class II (Special) 
Ground Waters -OR- wells that serve at least 2,500 people -OR- actively used wells with yields that are greater 
than yields shown for this region -OR- wells that are within a major alluvial valley and have yields exceeding 
2.500 gallons per minute: NO 

17. Well yields in the area specified surpass the criteria in Question 16 or the AA empties into an area where fish or 
\\ildlife use has been critically limited by excessively low water flow or low water level during dry years: NO 

18. For any of Questions 9 through 17 that were answered "Yes". either the AA is the only AA in the watershed of the 
closest service area -OR- the AA is closer to the service area. where the service identified in the question is 
delivered. than any other AA in the watershed of the closest downstream service area: INAPPROPRIATE 

19. The ANIA acts as a buffer to features of social or economic value that are situated in erosion-prone or 
wave-vulnerable areas: NO 

20. The ANIA supports at least one fish species that is on USFWS National Species of Special Emphasis List and is 
rare or declining in the region -OR- the ANIA has a State or Federal special designation relating to its recognized 
fishery value -OR- there is commercial fishing or shellfishing within the ANIA: NO 

21. The ANIA supports at least one fish species that is on USFWS National Species of Special Emphasis List and is 
rare or declining in the region -OR- the ANIA has a State or Federal special designation relating to its recognized 
fishery value -OR- a fee is charged at the ANIA for consumptive (hunting) or nonconsumptive (observation) use 
of wildlife: NO 

22. The AA is in a waterfowl use region of major concern as defined by the FWS or it has received a priority rating in 
state waterfowl concept plans: INAPPROPRIATE 

23. This ANIA supports plant or animal species with exceptionally narrow habitat requirements or of extremely 
limited occurrence in this region: NO 

24. The ANIA is the closest wetland to any nature center, school, camp, college, or similar educational facility and is 
within 2,000 feet of public road where parking is allowed: NO 

25. The ANIA is part of and essential to an ongoing, long-term environmental research or monitoring program: NO 
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26_ The AA and its watershed is a "pristine" natural area, in the sense of having no lasting, direct or indirect, human 
alteration: NO 

The AA has been impacted by callie grazing. some agriculture. timber harvesting. and construction ofroad~ 
and railways. 

27. The ANIA is used regularly for recreation or consumptive activities for which opportunities are otherwise locally 
deficient as recognized by a local or state recreational plan: NO 

28. The ANIA is a major public access point to a recreational waterway: NO 

29. The AA is located in an urban area: YES 

This question could be answered "No" since it specifica/~y addresses wetland significance to an urban area. 
However. since the AA is part of a large contiguous area of mixed wetland/upland habitats. it was determined 
to be significant to the surrounding area. Therefore. this question was answered "Yes. " 

30. The AA is located in a state that is losing wetlands at a rate greater than or equal to the national annual average of 
.45% per year: NO 

The validity of data in Table 2. pages 36-37 of WET 2.0 may be questionable, according to the USFWS, and 
in many cases is based on small data sets. Until more accurate information is available to warrant a "Yes" 
answer. the loss rate is not assumed to be above 0.42%lvear. 

3 I The AA's wetland acreage is greater than the annual percentage loss rate of wetlands for the state: NO 

Social Significance Level II 

The wetland's class is the rarest or next-to-rarest wetland class in the context region by number or acreage: NO 

2. The wetland's subclass is the rarest or next-to-rarest wetland subclass in the contex1 region by number or acreage: 
NO 

] The wetland's hydroperiod is the rarest or next-to-rarest wetland hydroperiod in the context region by number or 
acreage: NO 

This wetland possesses more than 80% of all the wetland hydroperiods or subclasses that are present in this contex1 
region: NO 
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Function 

Ground Water Recharge 

Ground Water Discharge 

Floodflow Alteration 

Sediment Stabilization 

Sed.imentffoxicant Retention 

Nutrient Removalffransformation 

Production Export 

Wildlife Diversity/Abundance (Breeding) 

Wildlife Diversity/Abundance (Migration) 

Wildlife Diversity/Abundance (Wintering) 

Aquatic Diversity/ Abundance 

Value 

Low 

Low 

Moderate 

High 

Low 

Low 

Moderate 

Low 

Low 

Moderate 

Low 
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Comment 

ALTERNATIVE VALUE USED 
Since the AA is an existing upland, the 
potential for Aquatic Diversify/Abundance 
effectiveness does not exist. 
(WET Value = Moderate) 
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Function 

Floodflow Alteration 

Sedimentffoxicant Retention 

Nutrient Removalffransformation 

Value 

High 

Low 

Low 

Page 
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Comment 
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Climate 

1.1. The AA is located in one of the precipitation deficit regions or local data indicates that on-site evaporation exceeds 
precipitation on an annual basis. 

Average: Yes 

1.2. The region is located in an·intense storm region or the rainfall erosivity factor for the region is greater than 300 
and if the AA is tidal, the tidal range is less than 3 feet. 

Average: Yes 

1.3. The entire AA freezes over for more than I month during most winters. 

Average: No 

Acreage 

2 I The surface area of the ANlA and any accessible wetlands within I mile of the ANlA is: 

Less than 5 acres. Seasons: Average 

No portion o/this AA is accessible. However, a "No" answer to all parameters defined in this question 
would cause a de/ault condition in which the "accessible" AA would be identified as being between 5 and 40 
acres. There/ore. the most appropriate selection/or this question is 2.1.1. "Less than 5 acres". 

2.2. The forested area within the ANIA and up to I mile away is: 

Greater than 40 acres. Seasons: Average 

Complex, cluster, oasis 

3.1 . There are other wetlands within I mile of the AA. 

Average: Yes 

3.2. The acreage of emergent or scrub-shrub/forested wetland classes is greater than the criteria acreage shown for the 
corresponding type in the "cluster" columns of Table 2 within 1,000 yards of the AA's center 

Average: Yes 

3.3. The acreage of emergent or scrub-shrub/forested wetland classes is less than the criteria acreage shown for the 
corresponding type in the "oasis" columns of Table 2 within 1,000 yards of the AA's center. 

Average: No 
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Location and size 

4.1. The AA is within 5 miles of tidal waters, the Great Lakes, or a river of at least 100 miles length. 

Average: No 

4.2. The watershed of the AA is: 

Between 1-100 square miles. 

Assessment area/watershed ratio 

5. I. The percentage of the AA watershed acreage which the AA comprises is: 

Between 5% and 20% (or between 10% and 15% if the region is 
dry). 

Seasons: Average 

Seasons: Wet 

5.2. Upslope AA's comprise more than 5% of the total acreage of this AA's watershed or more than 3% if the region is 
dry. 

Wet: No 

Local topography 

6.1. The AA is a playa -OR- the drop in elevation from the downslope end of the AA to a point 2 miles downslope is 
greater than the rise in elevation from the upslope end of the AA to a point 2 miles upslope -OR- the AA is located 
within 2 miles of a topographic divide that separates two major watersheds and is not at the toe of a slope of 
greater than 20%. 

Average: No 

6.2. Soil maps, geologic maps, or field inspection indicate that a geologic fault is present within the AA -OR- that 
within the AA's watershed the permeability of the soils decreases in a downslope direction toward the AA -OR- the 
AA is at the base of a relatively steep regional slope. 

Average: No 

Gradient 

7 The AAJIA does not have a channel or the annual floodplain is wider than the channel -OR- the channel gradient 
of the AAJIA is less than the corresponding gradient value. 

Average: Inappropriate 
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Inlets. outlets 

8. Surface water enters andlor exits the AA through an: 

Inlet with intermittent now. Seasons: Average 

Outlet with intermittent now. Seasons: Average 

Constriction 

9. I Channel flow is present and the width of the ANlA's outlet at annual high water is less than one-third the average 
width of the ANlA perpendicular to flow -OR- channel flow is present and the cross-sectional area of the AAJIA's 
outlet(s) is less than the cross-sectional area of the inlet(s) -OR- channel flow is not present and the total width of 
the AAJIA's outlet(s) is less than one-tenth the average width of the ANIA. 

Wet: No 

92 Sheetflow from a contiguous body of water inundates wetlands in the ANlA at least once a year and subsequently 
exits the wetland through a constricted outlet or docs not exit the ANlA wetland at all. 

Wet: No 

9.:;. Outflow from the ANlA originates mostly from precipitation or snowmelt occurring within the AAJIA. 

Wet: Yes 

Wetland system 

10 The wetland system which covers the greatest area in the ANlA is: 

No Answer Specified Seasons: Average 

Fringe wetland or island 

II. The ANIA is part of a fringe wetland or an island -OR- the ANIA is comprised of all or most of a fringe wetland 
or an island. 

Average: No 
Wet: No 
Dry: No 

Vegetation class/subclass (primary) 

12. The primary vegetation class/subclasses are: 

Scrub-shrub and broad-leaved deciduous. Seasons: Average. Wet, Dry 

In current condition. this AA is not a wetland and. therefore. cannot exactly he classified using the 
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Cowardin system employed by WET. However. the vegetation class has been selected to allow more 
accurate evaluations by the methodology. 

Vegetation class/subclass (secondary) 

13. The secondary vegetation class/subclasses are: 

Forested and dead. Seasons: Average. Wet. Dry 

Islands 

I~. I The AAIlA is an island or it contains part, or all of an island that is at least 25 sq ft in size -AND- at least 50 ft 
from the shoreline. 

Average: No 
Wet: No 
Dry: No 

1~.2 The AA!lA is an island or it contains part, or all of an island that is at least 2 acres in size. separated from the 
mainland by water at least 30 in. deep -AND- at least 2 miles offshore if the wetland system is marine or 0.5 mile 
offshore if the wetland is not marine. 

Average: No 
Wet: No 
Dry: No 

Vegetation/water interspersion 

15. I The horizontal pattern of erect vegetation in Zone B consists of: 

Relatively few. continuous areas supporting vegetation with little or 
no interspersion with channels. pools. or flats. 

Seasons: Average 

15.2 In that portion of the AAIIA having measurable flow in channel situations, vegetation in Zone B consists mainly of 
persistent emergent -OR- under average flow conditions. water enters the ANIA in a channel and then spreads out 
over a wide area. 

Average: Inappropriate 

Vegetation class interspersion 

16 The horizontal pattern of vegetation classes in the AAflA consists of 

Relatively homogeneous areas supporting a single vegetation class 
with little or no interspersion between these homogeneous areas. 

Seasons: Average, Wet. Dry 
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Vegetation form richness 

17. The ANIA is 1-10 acres and supports at least three vegetation classes or four vegetation subclasses -OR- is 10-100 
acres and supports at least three vegetation classes or six vegetation subclasses -OR- is 100 or more acres and has 
four or more vegetation classes or at least eight vegetation subclasses. 

A \'erage: No 

Shape of upland/wetland edge 

18. The boundary between the upland and the AAlIA is irregular. 

Average: No 

No wetland/upland boundary exists in this AA since the site is currentZv upland. 

Fetch/exposure 

I 19.1 Adjacent vegetation or topographic relief is sufficient to shelter at least I acre of open water in Zones B or C from 
wind -OR- open water fetch is less than 100 feet. 

A \'erage: Inappropriate 

Since neither option (a) or (b) can be applied in this AA, "Inappropriate" has been selected as the most 
applicable answer. 

19. I Vegetation or topographic relief adjacent to the ANIA is insufficient to shelter at least I acre of open water in 
Zone B or Zone C from wind and fetch is greater than 2 miles -OR- vegetation at the deepwater edge of Zone B is 
exposed to waves taller than I foot. 

Average: No 

19.2 The ANIA, or a portion thereof, is an island, delta, bar, or peninsula that intercepts waves and thereby protects 
other nearby shores. 

Average: No 

19.3 Woody vegetation within the AAJIA shelters adjacent and otherwise unsheltered uplands from wind. 

Average: Yes 

Vegatative canopy 

20. I There is sufficient vegetative canopy or topographic relief in and around the AA to shade at least 80% of Zone B at 
midday. 

Average: Inappropriate 

20.2 There is a balanced interspersion of shaded and unshaded area in the input zone, Zone A, and Zone B. 
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Average: Inappropriate 

Land cover of the watershed 

21 The majority of the AA's watershed land cover is' 

Forest and scrub-shrub, Seasons: Average 

Flow. gradient. deposition 

22.1 The ANIA contains a channel -OR- has an outlet and an inlet -OR- is udal -OR- has seasonal flow as suggested by 
gage data. scour lines. sediment deposition on vegetation. etc 

Average: No 

22.1 The channel is at least mildly sinuous with a meander ratIo exceeding 1.2. 

A\'erage: Inappropriate 

22.2 The AAJIA includes. or is part of. an actively accreting delta. 

Average: No 

22 J Aenal photos or other sources of information indicate long-term erosion of the AAJIA. 

Average: No 

Ditches/canalslchannelizationllevees 

23. Functioning ditches, canals, levees, or similar artificial features cause surface water to leave the ANIA at a faster 
rate than it would if these features were not present. 

Soils 

Average: Yes 

Drainage ditches along the east and south boundaries faci Ii tate faster water removal from the site than 
would normal(v be possible. 

24.1 Analysis indicates that the soil types present in the AAlIA contain more than 4,000 mg/kg of amorphous 
ex1·ractable aluminum in the upper 8 inches. 

Average: No 

24.2 Soil maps or a site visit indicate the dominance of alluvial, altisol, ferric, clay or other primarily fine mineral soils 
in the AAlIA -AND- the soils of this region normaIIy have elevated concentrations of aluminum or iron, or 
analysis indicates there is less than 20% organic matter by weight in the upper 3 inches of sediment. 

Average: Inappropriate 
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24.3 Soil surveys indicate that soils in the ANlA have exceptionally slow infiltration rates due to the presence of 
impeding layers or very shallow depth to unfractured bedrock. 

Average: Yes 

24.4 Soil surveys indicate that soils in the watershed have mostly slow infiltration rates or these soils are impermeable 
due to fine texture, impeding layers, high water table, shallow depth to unfractured bedrock, or frozen condition 
during the usual time of greatest flooding. 

Average: Yes 

24.5 The ANIA is in a karst (limestone) region. 

Average: No 

Sediment sources 

25. I There are sediment sources that contribute inorganic sediment to the AA 

Average: No 

- 25.2 The primary source of sediment entering the AA is: 
I 

Neither overland runoff or channel now. Seasons: Average 

25.3 Significantly elevated levels of suspended solids in a major portion ofthe AA is the result of: erosion within the 
AA caused by drastic fluctuation in water levels due to artificial manipulation or urban runoff -OR- slopes 
immediately adjacent to the AA being steeper than 10% and unstable -OR- boating activity causing frequent wakes 
that impinge on the deepwater fringes of the AA -OR- tributaries immediately upstream of the AA having been 
channelized 

Average: No 

Nutrient sources 

26.1 There is evidence of high nutrient concentration in the AA, or any of the following sources contribute nutrients to 
the AA: sewage outfalls. phosphate mines, tile drains, canals or other nutrient-rich sources -OR- areas containing 
any of the following: feedlots. active pastureland, landfills, septic fields. fertilized soils, or soils tilled, burned. or 
cleared within the last 2 years -OR- areas where the acreage of the AA divided by the number of houses with septic 
systems within the input zone is less than eight -OR- areas where the acreage of the AA divided by the number of 
people living within the input zone is less than 25. 

Average: No 

26.2 Overland sheetflow is the primary source of the nutrients entering the AA. 

Ayerage: Inappropriate 

26.3 Channel flow is the primary source of the nutrients entering the AA. 

Average: Inappropriate 
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Contaminant sources 

27.1 There is evidence of waterboro contaminants -OR- there is a source that contributes waterboro contaminants to the 
AA 

Average: No 

27.2 Sheetflow is the primary source of the waterboro contaminants in the AA. 

Average: Inappropriate 

27.3 Channel flow is the primary source of the waterboro contaminants in the AA. 

Average: Inappropriate 

Direct alteration 

28. Most of the ANlA has been tilled, filled, or excavated at least once in the past 3 years -OR- an outlet has recently 
been added to the ANlA where none previously existed or an inlet has recently been blocked off and an outlet is 
still present. 

Average: No 

Wetland/upland edge 

29.1 The boundary between the wetland and upland support adequate understory vegetation to serve as cover for 
vertebrates using the wetland. 

Average: No 

29.2 Slopes in most of the input zone are less than 5%. 

Average: Yes 

Disturbance 

30. The ANlA, or areas adjacent and visible to the ANlA, are visited by people on foot, boat, or off-road vehicle at 
least three times daily -AND- surface water in the ANlA is mostly less than 3 feet deep and less than 1,000 feet 
from the usual places of human activity or greater than 3 feet deep and less than 600 feet from the usual places of 
human activity. 

Average: Yes 
Wet: Yes 
Dry: Yes 

The intent of this question is to determine if the level ofhuman activity is enough to effect the type and 
abundance of wildlife inhabiting the AA. The adjacency of this AA to Beltway 8 and Lockwood Road is 

believed to have some bearing on this function, although the magnitude cannot necessarily be quantified at 
this time. Therefore. a conservative approach was taken for this question, thereby generating a "Yes" 
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answer. 

Water/vegetation proportions 

31 I Zones A and B combined are greater than Zone C. 

Average: No 
Wet: No 
Dry: No 

There IS no Zone C jar Ihis AA. 

31.2 Zone B is at least 10% of the AA 

Average: No 
Wet: No 
D/'): No 

3 I 3 Zone B is larger than Zone A 

Average: No 
Wet: No 
Dry: No 

3 I ~ The area of submerged vegetation in Zone B is larger than the unvegetated area of Zones Band C. 

Average: 
Wet: 
Dry: 

Inappropriate 
Inappropriate 
Inappropriate 

31. 5 The area of Zone A is at least 10% of the area of Zones Band C. 

Average: No 
Wet: No 
Dry: No 

31.6 The percentage of Zone Band C together dominated by emergent vegetation is: 

No Answer Specified 

Hydroperiod (spatially dominant) 

32. The dominant flooding regime of the AAJIA is: 

Saturated (no standing water) nontidal. 

Seasons: Average, Wet, Dry 

Seasons: Average 
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Most permanent hydroperiod 

33. The hydroperiod that best describes the portion of the AA, or the contiguous deepwater, that is inundated or 
saturated for the longest part of the year and comprises at least 1 acre or 10% of the AA is: 

Saturated (no standing water) nontidal. Seasons: Average 

Water level control 

34.1 The AAlIA's existence is dependent on upstream or downstream artificial control structures built within the last 20 
years. 

Average: No 

3·U The ANIA is located less than 2 miles downslope from a large impoundment -OR- the AAlIA's water table is 
infl uenced by another type of upstream impoundment. 

Average: No 

34.3 Any part of the AAlIA is flooded due to permanent or temporary ponding created by a dam or dike -OR- the 
ANIA is actively managed for stormwater or floodwater detention. 

Average: No 

34.3 Flooding in the AAlIA is a result of beaver activity 

Average: Inappropriate 

Flooding extent and duration 

35. I Flooding causes surface water to expand to more than 3 times its extent under average conditions for more than 25 
days during an average year -OR- the relationship between extent and duration lies above the curve in Figure 27 
(WET 20) 

Average: No 

35.2 Base flow typically fills less than 60% of the channel volume -OR- surface water is absent 5 days after a mean 
monthly 25-hr storm and the watershed is larger than 10 square miles -OR- the ratio of the high flow that is 
reached or exceeded 10% of the year. versus the typical low flow that is exceeded 90% of the year, is greater than 
1.5 

Average: Inappropriate 

Vegatated width 

36.1 The average width of the area dominated by emergent. scrub/shrub, or forest vegetation in Zones A and/or Zone B 
is: 
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Less than 20 feet. Seasons Average. Wet. Dry 

36.2 The average width of the area in Zone B that supports emergent \,egetation and where depth seldom exceeds 50% 
plant height is: 

Less than 20 feet. Seasons Average. Wet. DIY 

Open water width 

37. An area of open water in the ANIA is mostly devoid of aquatic bed vegetation -AND- exceeds a depth of 2 feet 
-AND- has a width greater than 6 feet -AND- has a length of at least 1.000 feet or an area which serves to connect 
two large bodies of water. 

Average: No 

Type combinations 

38. The ANIA is predominantly: 

No Answer Specified Seasons: Average 

Special habitat features 

39. The ANIA is less than 100 acres and two or more of the features listed below are present in the ANIA or buffer 
zone at some time during the year -OR- the ANIA is more than 100 acres and three or more of the features listed 
below are present. THIS LIST INCLUDES: (a) standing snags \~ith cayities larger than 2 in. (b) trees with 
diameter exceeding 10 in. (c) plants bearing fleshy fruit (d) mast-bearing hardwoods (el cone-bearing trees or 
shrubs (I) tilled land with waste grains (g) evergreen tree stands \\ith oyer 80% canopy closure (h) native prairie (i) 
exposed bars. 

Average: No 

Bottom water temperature 

40. The average daily minimum summer water temperature at the deepest part of the ANIA is usually: 

Between 50 and 69 degrees F. 

Velocity (spacially dominant) 

4 I. During peak, annual flow the velocity throughout most of the ANIA is 

Between 0.3 ftlsec. and 1.5 ftlsee. 

Seasons: Average 

Seasons: Wet 
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Velocity (secondary) 

42.1 The following velocity categories reflect seasonal flows that occur in at least I acre or 10% of the ANIA: 

Less than I ftJsec. Seasons: Average, Wet, Dry 

42.2 The following velocity categories reflect seasonal flows that occur in other ANIA's within I mile of the AA!IA 
and are accessible to fish for at lcast 20 days a year: 

Less than I ftlsec. Seasons: Average, Wet. Dry 

Other MilAs are not accessible from this AA. The majority of wetlands within one mile of AA are 
inaccessihle. 

Water depth (spatially dominant) 

4J The depth category which coyers the greatest portion of the ANlA is 

Less than I in. Seasons: Average. Wet. Dry 

Water depth (secondary) 

44. The follo\ving depth categories cover at least I acre or 10% of the ANIA or other ANIA's witilln I mile that are 
accessible to fish from this ANI A during at least 20 days of the year: 

No Answer Specified Seasons: Average. Wet. Dry 

Substrate type (spatially dominant) 

45. The surface substrate (upper 3 tn.) in the AAfIA is predominantly: 

Mineral soil or mud. Seasons: Average 

Physical habitat interspersion 

46. Within Zones Band C are substrate types, velocity and depth categories distributed: 

pH 

Uniformly with similar substrate types, velocities and depth 
throughout the AAfIA. 

47. The pH of water in the ANlA is: 

Below 6.0 (generally acidic). 

Seasons: Average, Wet, Dry 

Seasons: Average 
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Salinity and conductivity 

48. The ANIA's salinityihalinity -OR- conductivity is: 

Less than 0.5 ppt (Salinityfflalinity) -OR- less than 800 
(Conductivity). 

Aquatic habitat features 

Seasons: Average, Wet. Dry 

49.1 The AA includes, or is included in. a permanently flooded stream reach comprised of 20-80% pools, backwaters, 
or similar slow-water areas. 

Average: No 
Wet: No 
Dry: No 

49. I The AA includes, or is included in a stream reach with cobble-gravel substrate and riffles spaced at intervals of 
five to seven times the average stream width. 

Average: No 
Wet: No 
Dry: No 

49.2 The AA has fish cover available for at least 20 days annually in at least 20% of Zone B -OR- has fish cover 
available in other AA's that are within I mile and accessible to fish from this AA. 

Average: No 
Wet: No 
Dry: No 

49) Carp are prevalent in the AA. 

Average: No 
Wet: No 
Dry: No 

Plants: waterfowl value 

50 A plant or combination of plants listed in Table 5 comprises more than 10% or I acre of the AAIIA. 

Average: Yes 
Wet: Yes 
Dry: Yes 
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Plant productivity 

51 The net annual aboveground productivity of any species. or group of species, that predominates in more than 10% 
of the ANIA is: 

Less than 500 grams per meter squared per year. Seasons: A \'cragc 

Freshwater invertebrate density 

52. Representative field sampling of the AAI1A's benthic and epiphytic macroinvertebrates indicate that during the 
growing season there are: 

Between 25 and 500 individuals per square foot. Seasons: Average 

Tidal flat invertebrate densitylbiomass 

53. Representative field sampling of the ANIA indicates that the relationship between density and biomass of 
macroscopic annelids, molluscs, or crustaceans is: 

Neitber in the "H" or tbe "L" portion of the graphs in Figure 29. Seasons: Average 

Ground water measurements 

54. Given two wells drilled next to each other, one to the depth of the water table and the other to the base of the 
organic layer, the ground water level in the deeper well is below the ground water level in the shallow well. 

Average: Yes 
Wet: Yes 
Dry: Yes 

Suspended solids 

55. Most runoff or surface water entering the ANIA has a concentration of suspended solids: 

Almost always below 25 mg/l -OR- a Seccbi disc reading consistently 
greater than 8 m. 

Dissolved solids or alkalinity 

56.1 Alkalinity is less than 20 mg/l. 

Average: Inappropriate 

56.2 The morphedaphic index is less than 7 -OR- greater than 35. 

Seasons: Average 
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Average: Inappropriate 

Eutrophic condition 

57.1 DUrIng the growing season for a period of at least I day, within the AA the wetland system is palustrine or 
lacustrine and total phosphorus is less than 0.0 I mg/I -OR- inorganic nitrogen is less than 0.05 mg/I -OR- a Secchi 
disc IS visible at greater than 8m -OR- the wetland system is palustrine or lacustrine and chlorophyll is less than 
o 00 I mg/l -OR- the wetland system is estuarine and the relationship between chlorophyll and light intensity at the 
sediment interface is in the "L" region of the graph -OR- the wetland system is not marine or estuarine and the 
relallonship between phosphorous loading rate and flushing capacity is in the "L" region of the graph. 

Average: No 

57.2 DUrIng the growing season for a period of at least I day. within the AA the wetland system is palustrine or 
lacustrine and total phosphorus is greater than 0.025 mgll -OR- inorganic nitrogen is greater than 030 mgll -OR
a Secchi disc is not visible at greater than I m -OR- the wetland system is palustrine or lacustrine and chlorophyll 
IS greater than 0.020 mgll -OR- the wetland system is estuarine and the relationship between chlorophyll and light 
lDtensity at the sediment interference is in the H region of the graph -OR- the wetland system is not marine or 
estuarine and the relationship between phosphorus loading rate and flushing capacity is in the H region of the 
graph 

Average: No 

Coliform 

58. The AAIlA is classified by the state as unsuitable for swimming or shellfish harvesting based on bacterial counts or 
other health hazards. 

Average: 

Water quality anomalies 

59.1 Water samples from the ANIA exhibit elevated levels of magnesium, chloride, bicarbonate, alkalinity, hardness, 
specific conductance, halinity, total dissolved solids, and possibly silica when compared to water samples collected 
in the rest of the ANIA or other nearby ANIA's. 

Average: No 

59.2 Water samples from the ANIA exhibit reduced, and sometimes seasonally variable,levels of total dissolved solids, 
halinity, and alkalinity or hardness with increased prevalence of sulfates or bicarbonates of calcium or magnesium 
when compared to water samples collect in the rest of the AAIlA or other nearby AA's. 

A verage: No 
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Water temperature anomalies 

60. Springs are present within the ANIA -OR- there are localized. atypical thermal conditions which might suggest 
substantial ground water input. 

Average: No 

Dissolved Oxygen 

61 Dissolved oxygen is known to be limiting, at least annually. to fish that could otherwise use this ANIA 

Average: Inappropriate 

Underlying strata 

62. Geologic maps indicate that any part of the AA is underlain by at least 10 feet of predominantly porous materials 
or well-fractured rock. 

Average: No 

Discharge differential 

63.1 Inlet hydrographs exhibit higher flood peaks than outlet hydrographs. 

Average: No 

632 Surface water InflOWS exceed simultaneously measured surface water outflows after accounting for losses due to 
cyapotranspiration. 

Average: No 

Total suspended solids (TSS) differential 

64 Lcvels of total suspended inorganic solids, measured at the AA's inlet are greater than those measured 
simultaneously at the outlet -OR- the detention time is at least 3 days in summer and 15 days in winter. 

Wet: Inappropriate 



3. Quantification Methodology 

Using the function and value approach, a method for 
calculating bank credits was eventually developed and 
approved by the MBRT. This method is based on 
emphasizing the functions and values identified in 
WET as important to the local region, weighting them 
for priority, and producing a Quality Point Score that 
could be multiplied by acreage to determine credit 
deposits into the bank. 

This method can be replicated over 
increases in functions and values as 
and generates more potential credits. 
makes it possible to evaluate offsite 
their debit values in the bank. 

time to assess 
the site matures 
This method also 
impact areas for 

The following is a detailed discussion of the 
quantification methodology which will be used to 
establish a value of a wetlands based on its functions 
and values. This methodology is intended to be 
utilized not only on the mitigation banking site, but 
also for those debit sites which propose to utilize the 
Greens Bayou Mitigation Bank to mitigate their impacts 
to wetlands. 

-26-



GREEN'S BAYOU MITIGATION BANK 
CREDIT DETERMINATIONS USING WET VERSION 2.0 

The successful operation of the Green's Bayou Mitigation Bank is 
dependent upon a manageable method of determining the -nUmber of 
credits that are available in the bank at any given time, and a 
comparable method of evaluating debit site wetlands for their 
exchange values in the bank.· This document discusses the need 
for such a method, the rationale of method development, and the 
method itself. 

NEED FOR METHODOLOGY 

Prior to the establishment of the Green's Bayou Bank, wetland 
comparisons and compensations for losses have generally been 
applied on an acre-for-acre basis, resulting in the now familiar 
mitigation ratios of 2:1, 5:1, and so on. Using the safety-in
nwnbers approach, the primary goal of these ratios has been to 
ensure that no net loss of wetland functions and values occurs 
from permitted activities. This method of compensation does not 
address wetland "quality", per se, and few assurances can be made 
that the results of acre-for-acre ratios would prevent net losses 
of functions and values. 

The general consensus among the regulatory agencies and those who 
are involved in wetland issues is that acre-for-acre compensation 
(exchange) is not a realistic approach, since an acre of one 
wetland may not "equal" an acre of another. That being the case, 
a method by which wetlands can be evaluated on the basis of 
quality is highly desirable for determining compensation. 

The quality of a wetland can be defined by the ecological 
functions it performs and the values that it adds to the overall 
environment in which it exists. If a method of evaluating and 
comparing these functions and values can be developed, 
proportional exchanges can be made between banked wetlands and 
debit site wetlands. The net result will be an exchange of 
wetland quality. 

Using the quality assessment approach, the need for mitigation 
ratios, as in acre-for-acre compensation, should not be 
necessary. Since a mitigation bank, by definition, must contain 
functioning wetlands before any exchanges can be made, there will 
not be the net loss of functions and values that many times occur 
in conventional mitigation practices where the time between 
wetland impacts and a functioning mitigation site may be lengthy. 
Therefore, a quantification methodology must not only establish a 



means for assessing wetland quality, it must also establish a 
means for determining appropriate exchanges. 

Quality comparisons between wetlands do not automatically 
translate to proportional exchanges. However, if separate 
wetlands are evaluated using the same Griteria, the resulting 
quality ratings provide a foundation for applying quant~fication 
factors that can be used to calculate exchange rates as well as 
banked credits. The task then becomes to develop a method of 
quantification whereby wetlands can be compared, scored, and 
proportionally exchanged. 

METHOD DEVELOPMENT AND RATIONALE 

The Wetland Evaluation Technique Version 2.0 (WET) , which has 
been used for the Green's Bayou Bank, evaluates wetland functions 
and values in terms of social significance, effectiveness, and 
opportunity and assigns "qualitative probability ratings" (called 
"probability ratings" or "ratings") for each function or value 
under one or more of these categories. Social significance and 
effectiveness ratings are the applicable evaluations derived from 
WET for credit calculation purposes since they assess the current 
conditions on a site at any given point in time. The opportunity 
rating merely represents the potential for a function or value to 
occur in a wetland and is not a good current indicator of whether 
or not the function or value actually occurs. Therefore, the 
opportunity ratings have not been utilized in the methodology. 

While the probability ratings of Low, Moderate, or High generated 
by WET reflect the probability of a function or value to provide 
social significance or effectiveness, they do not provide an 
order of magnitude for comparing the importance of one function 
or value to another. However, by prioritizing functions and 
values based on their regional or local importance, and weighting 
them accordingly, an order of magnitude can be established. 

The authors of WET state in their explanatory and rationale 
statements that "The authors recognize the desirability of 
regionalizing WET ... " and they emphasize that professional 
judgements and knowledge by local experts and regulatory agencies 
are highly desirable for effective regional adaptations of the 
methodology. Prioritizations of functions and values for 
regional interpretations can substantially enhance the quality 
and confidence level of a wetland evaluation derived from WET. 

For example, in some areas of the country a wetland's ability to 
recharge groundwater may be very significant while in other 
areas, such as the local Gulf Coast, this function may not be as 
important. A local adaptation of WET, therefore, might de-
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emphasize this particular function. In contrast, floodflow 
alteration in a local WET application might receive a much higher 
importance ranking than it would in other areas where flooding is 
not a problem. 

Since WET was developed to evaluate the major functions and 
values of wetlands for broad applications (i.e. nationwide) 
prioritizations of functions and values "can fine tune":::..WET for 
local or regional use. Once the functions and values have been 
ranked for priority, wetlands can be evaluated for their 
abilities to provide those functions and values in terms of 
social significance and effectiveness for the local area. In 
essence, the quality of a particular wetland can be determined. 

Table 1 illustrates the regional prioritization of the functions 
and values for the Greens Bayou Mitigation Bank service area that 
are evaluated in the Social Significance and Effectiveness 
categories of WET Version 2.0. Under these WET evaluation 
categories the functions and values have been divided into three 
(3) priority rating groups -- High, Moderate, Low -- based on 
their regional importance, as discussed previously. Those that 
have a High rating have been weighted by assigning a value of 3; 
those with a Moderate rating, a 2; and those with a Low rating, a 
1. 

SOCIAL SIGNIFICANCE EFFECT IVENESS 

HIGH 3 MOD 2 LOW 1 HIGH 3 MOD 2 LOW 1 

WDA UH REC WDAB NRT GWR 
STR NRT GWR WDAW PE GWD 
FFA ADA GWD WDAM ADA 
SS STR 

FFA 
SS 

vlildlife Diversity Abundance (WDA) Uniqueness/Heritage (UH) 

Breeding (WOAB) Nutrient Removal/Transport (NRT) 
Wintering (WOAW) Aquatic Diversity/Abundance (ADA) 
Migration (WOAM) Recreation (REC) 

Sediment/Toxicant Retention (STR) Groundwater Recharge{GWR) 
Flood Flow Alteration{FFA) Groundwater Discharge (GWD) 

Sediment Stabilization ISS) 
Table 1. Reg~onal Pr~or~t~zat~on of WET Funct~ons and Values w1th We~ght1ng. 

Greens Bayou Mitigation Bank Service Area. 

Likewise, the WET probability ratings of High, Moderate, or Low 
for each function or value have been assigned values of 3, 2, 
and 1, respectively. 

When comparing wetlands certain restrictions must be applied to 
the types of systems being evaluated. For example, it would not 
be reasonable to compare marine systems with palustrine systems 
since their physical, chemical, and biological functions are too 
broadl y separated. However, it would be reasonable to compare 



marine with marine, palustrine with palustrine, and so on. WET 
is very effective for evaluating and comparing wetlands within 
the same systems classification. 

The Green's Bayou Mitigation Bank, by definition of its market 
area, excludes wetlands that would be classified as marine or 
estuarine systems. Since the geographical area to be served by 
the bank is limited to Harris County, non"-Section 10 litn'i.ts, the 
types of systems that will be involved in bank exchanges are 
predominantly palustrine. Therefore, for this bank proj ect 
service area, a method of comparative evaluation with regional 
function and value priorities for palustrine systems is 
necessary. 

CREDIT DETERMINATION METHODOLOGY 

The method for converting a WET evaluation for palustrine systems 
in the Green's Bayou Mitigation Bank is outlined in the following 
section. There are two primary development criteria that were 
considered for this methodology. 

First, the method should be easily applied and understood by all 
the principals involved in the development, monitoring, 
accounting, and auditing of the bank. An intricate system would 
increase the probability of error in usage· of the methodology 
and, subsequently, increase the probability of misunderstanding. 

Second, the method should not distort the function and value 
probabili ty ratings generated by a WET evaluation. We 
acknowledge that the authors of WET have stated that "it is 
inappropriate to assign numerical values to probability ratings, 
multiply these values by acreage figures, and use the values to 
derive an overall probability rating for a wetland." This 
methodology is intended to generate a Quality Points Score (QPS) 
that may be converted to available credits in the bank or 
exchange rates of mitigation into the bank. An overall 
probabili ty rating for an evaluated wetland is not the goal of 
this quantification methodology. 

The. Social Significance and Effectiveness ratings for the nine 
(9) functions and two (2) values that are evaluated by WET have 
been used for this quantification. In most cases, each of the 
functions or values are evaluated by WET for both categories, 
resulting in a total of twenty one (21) ratings. 

The score for any given function or value is derived by 
multiplying its priority value by its probability rating value. 
For example, a function or value with a Moderate priority rating 
(value, 2) that has a WET probability rating of Low (value, 1), 
would score a total of 2 points. This is benchmarked against the 



maximum possible score, which would be Moderate priority rating 
(2) x High probability rating (3), or a total of six (6) points. 

This procedure is repeated for each function or value under each 
of the two evaluation categories (Social Significance and 
Effectiveness) . The total number of points scored (actual) 
compared to the total number of points available (maximum) 
resul ts in a percentage that becomes tlie Quality Points Score 
(QPS) for the functions and values of the wetland. 

Tables 2 and 3 illustrate the score determinations for a sample 
upland or low quality wetland assessment area (a potential 
wetland creation/enhancement area) that has been evaluated by the 
WET methodology. The Regional Priority Rating column reflects 
the prioritized functions and values (From Table 1) while the WET 
Rating column represents typical probability ratings derived from 
a WET evaluation of the area. 

SOCIAL SIGNIFICANCE EVALUATION 
REGIONAL SAMPLE MAX 

FUNCTION PRIORITY WET SAMPLE POSSIBLE 
VALUE RATING RATING SCORE SCORE 

WDA 3 2 (M) 6 9 
STR 3 2 (M) 6 9 
FFA 3 2 (M) 6 9 
SS 3 2 (M) 6 9 
UH 2 3 (H) 6 6 
NRT 2 2 (M) 4 6 
ADA 2 2 (M) 4 6 
REC 1 2 (M) 2 3 
GWR 1 2 (M) 2 3 
GWD 1 2 (M) 2 3 

TOTAL SOCIAL SIGNIFICANCE SCORE 44 63 
Table 2. Soc~al s~gn~f~cance Score DetermQnat~on 

EFFECTIVENESS EVALUATION 
REGIONAL SAMPLE MAX 

FUNCTION PRIORITY WET SAMPLE POSSIBLE 
VALUE RATING RATING SCORE SCORE 

WDAB 3 1 (L) 3 9 
WDAW 3 1 (L) 3 9 
WDAM 3 l(L) 3 9 
STR 3 1 (L) 3 9 
FFA 3 2 (M) 6 9 
SS 3 1 (L) 3 9 
NRT 2 I(L) 2 6 
'PE 2 1 (L) 2 6 
ADA 2 2 (M) 4 6 
GWR 1 l(L) 1 3 
GWD 1 1 (L) 1 3 

TOTAL EFFECTIVENESS SCORE 31 78 
Table 3. Effect~veness Score Dete~nat10n 



The QPS is then determined by adding the scores for both 
categories and comparing the total to the combined Max Scores for 
both categories, which is 141 (63+78). This comparisonresuJts 
in a percentage that becomes the OPS for the assessment area (See 
Table 4.) 

SAMPLE MAX POSS 
SCORE SCORE QPS ---

SOCIAL SIGNIFICANCE 44 63 
EFFECTIVENESS 31 78 

ASSESSMENT AREA 75 141 0.532 
Table 4. Assessment Area QPS Calculation 

This QPS may then be applied to the number of acres in the 
assessment area to determine Function/Value Units (units). 
Acreage is used in the quantification to determine the total 
number of units to be deposited as credits into the bank. For 
example, if the assessment area evaluated in Tables 2, 3, and 4 
above contained 100 acres, the unit calculation would be as 
follows: 

UNITS = 100 acres x 0.532 = 53.2 

By using the above calculation method, mitigation bank credits 
can be determined at any given point in time, thereby providing a 
method for quantifying the gains (or losses) in functions and 
values that may occur over the useful life. of the bank. For 
example, if positive creation or enhancement activities of the 
bank sponsor for the above assessment area resulted in increased 
wetland functions and values that yielded a new QPS of 0.732 at 
some point in the future, the unit calculation would be as 
follows: 

UNITS = 100 acres x 0.732 = 73.2 
(Net Gain = 20 Units) 

It is also apparent in this methodology that a wetland bank can 
also experience a net loss in units if the QPS decreases. 
Therefore, there is an obvious financial incentive for the bank 
sponsor to create well-managed high quality wetlands to keep 
sellable credits at optimum levels while the bank is in service. 

METHOD APPLICATION 

Since credits are first deposited in a mitigation bank when a 
wetland assessment area achieves Minimum Success Criteria (MSC) , 
this is obviously the critical point at which WET evaluations 
shOUld be performed and credits calculated for deposit into the 
bank. However, it must be acknowledged that some assessment 



areas may contain wetland functions and values prior to creation 
or enhancement activities. In these cases, it would be 
inappropriate to obtain future credits for the functions or 
values that were already in existence. 

A mitigation bank, by its nature, would be comprised dominantly 
of upland (non-wetland) acreage prior to its development. 
However, wi thin the designated bank area there may·-:'-be some 
wetlands already in existence. These areas could vary greatly 
from low quality wetlands to pristine areas marked for 
preservation. Therefore, in addition to performing WET credit 
calculations at MSC, it becomes necessary to assess the functions 
and values at some representative point prior to any creation or 
enhancement activities. 

This point, called the "Baseline" in this methodology, determines 
the units in the assessment area prior to bank development. The 
difference between the units at MSC and the units at Baseline 
determines the bank credits available for deposit and, 
ultimately, exchange. By calculating credits in this manner, 
prior existing wetland functions and values are not "sold", 
resulting in a net loss. Only those credits which were actually 
created by the bank sponsor are available for sale. The 
following basic calculation illustrates this concept: 

UNITS @ MSC - UNITS @ BASELINE = AVAILABLE BANK CREDITS 

Additionally, it should be pointed out that in large or diverse 
assessment areas, such as those in the Greens Bayou Bank, there 
may be pristine wetlands (preservation areas) in existence at 
Baseline. Since these types of wetlands generally have higher 
functions and values scores, an "averaging down" effect would 
result from their inclusion in the unit evaluation for the entire 
assessment area. To compensate for this, Baseline unit 
calculations for preservation acreage should be evaluated 
separately using this methodology. The number of units from this 
evaluation can .then be combined with the calculated units for the 
remaining acreage to determine Baseline credits for the entire 
asse$sment area. Using the above basic calculation as a 
foundation for the methodology, the actual bank credit 
calculations may be developed. Table 5 illustrates the 
calculation to be used for determining the credits in the bank at 
any given time. 

MITIGATION BANK CREDITS eCl 

Where: 
c = Cp + 0 ..... 

Cp = Credits for Preservation, Pristine Wetlands 
Uaa = Units for Remaining Assessment Area 

Table 5. Mitigation Bank Credit Calculation 



The component Cp (Preservation Credits) of the credit calculation 
is determined by the formula shown in Table 6. By evaluating 
preservation wetlands separately, as called for in this 
methodology, a Quality Point Score (Shown as QPSp) will be 
generated for the preservation area. In addition, since only 
partial credit can be received for preservation, a Preservation 
Ratio (PR) must be applied to the calculated units to reflect the 
fractional portion of the units that can be deposited as-Lcredits 
in the bank. For the Green's Bayou Mitigation Bank, the 
Preservation Ratio has been established as 20%(PR=0.2) due to the 
high quality of the preservation sites. 

PRESERVATION CREDITS (Cpl 

Where: 

Cp = QPSp (!Io» (PR) 

QPSp = QPS of Preservation Wetland 
Ap = Area of Preservation Wetlands, acres 
PR = Preservation Ratio 
Table 6. Preservation Credit Calculation 

The remaining component, Uaa (Assessment Area Units) , is 
calculated in a two step process which calls for first 
determining the Baseline Units (Ub) shown in Table 7. These 
units, which are considered pre-existing, remain constant 
throughout the life of the bank and are therefore subtracted from 
the total units in the assessment area, as shown in Table 8. 

BASELINE FUNCTION/VALUE UNITS (Ub) 

Where: 

Db = QPSb (Ao) 

QPSb = QPS of EXisting Wetlands @ Baseline 
Ae = Area of Existing Wetlands, acres 

Table 7. Baseline Unit Calculation 

ASSESSMENT AREA UNITS (Uaal 

Where: 

Uaa = QPS (Aaa) - Ub 

QPS = QPS of Assessment Area 
A4. = Total acreage (At) of Assessment Area minus 

Preservation Acreage (Ap) 

Table 8. Assessment Area Unit Calcualtion 

Table 9 on the following page illustrates a sample credit 
calCUlation for an assessment area that is comprised of upland 
acreage, or a pure wetland creation site. Following that, Table 
10 illustrates a sample credit calculation for a more complex 
assessment area that contains a mixture of upland, wetland, and 
preservation acreages which could produce a combination of 
creation and enhancement The quantities or values used in these 



two calculations are not derived from any specific areas in 
Greens Bayou Bank, rather they are representative "numbers" 
might be generated by this methodology for sites within 
service area of this bank. 

the 
that 
the 

For illustration purposes, the available bank credits are assumed 
to be calculated at MSC, as shown in the sample calculations. 
However, thj s calculation may be performed at any timedll.rinq the 
useful ] He of a bank to qnantitatively monjtor any gains or 
losses in credits. 

SAMPLE CREDIT CALCULATIONS 

SAMPLE WETLAND 

Upland Conyers ion 

At 
Ap 
Ae 
QPSb* 
QPS 

200 acres 
o acres 
o acres 
0.53 
0.74 

Calculations 

Aaa = 200 - 0 0 

Cp 0 ( 0) (0. 2 ) o 

Ub o. 53 (0) = 0 

Uaa=0.72(200)-0 144 

C = 0 + 144 = 144 
Table 9. Sample Credit Calculation of Upland Assessment Area (Wetland 

Creation) 
*NOTE: Even though there may be no existing wetland acreage in a pure upland conversion, a site 
may possess some of the functions and values attributed to wetlands, such as flood flow 
alteration, wildlife diversity, or uniqueness/heritage. These will generallY be reflected in the 
WET Social Significance ratings, thus generating a QPSb. 

SAMPLE WETLAND 

Mixed Area 

At 
Ap 
Ae 
QPSp 
QPSb 
QPS 

300 acres 
6 acres 

54 acres 
0.89 
0.56 
0.74 

Calculations 

Aaa = 300 - 6 = 294 

Cp 0.89 (6) (0.2) = 1. 07 

Ub 0.56(54) = 30.24 

Uaa = 0.74(294) - 30.24 = 187.32 

C = 1.07 + 187.32 = 188.39 
Table 10. Sample Credit Calculation of Mixed Assessment Area (Wetland 

Creation/Enhancement) 

DEBIT/CREDIT EXCHANGES 

Once available bank credits have been determined, as shown in 
Tables 9 or 10, they can be deposited in the bank. Permitted 
wetland impacts from off site debit locations may then be debited 
against the balance. 
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To determine applicable debits, the off site debit wetlands 
should be evaluated using both WET Version 2.0 and the regionally 
prioritized quantification method that was used for credit 
calculations in the bank. By doing so, proportional exchanges 
based on wetland quality can be achieved. The basic calculation 
for debits/credits is as follows: 

AVAILABLE BANK CREDITS - DEBIT SITE UNITS = AVAILABLE CREDIT BALANCE 

Table 11 illustrates a sample debit/credit calculation based on a 
typical off site debtor wetland, and available bank credits as 
determined in Table 10. 

SAMPLE DEBIT SITE WETLAND DEBIT/CREDIT CALCULATION 

Size: 
QPS 
Debits 

9 acres 
0.65 

Available Bank Credits 
Debits 

5.85 (9 x 0.65) Available Credit Balance 
Table 11. Sample Credit/Debit Calculation 

188.39 
.=..5.....a5 

182.54 



- 4. Memorandum of Agreement 

Before a wetlands mitigation bank can be created, a 
formal agreement, referred to as the Memorandum of 
Agreement (MOA) must be approved by the applicant and 
seven state and federal agencies which comprise the 
Mitigation Banking Review Team (MBRT). The Flood 
Control District has been steadily working towards 
entering into this agreement. currently, the District 
has what is believed to be the final draft, in to the 
agencies of the MBRT for signature. 

The Galveston District of the Corps of Engineers, along 
with the resource agencies, developed and published 
guidelines for mitigation banking. However, since a 
MOA, under these guidelines, has not yet been executed 
for any prior bank, there is no precedent to follow. 
Therefore, the Harris County Flood Control District 
found it necessary to interpret the guidelines into the 
first working document for an MOA. 

During the drafting of this document, five significant 
issues, lacking defini tion under the guidelines, 
immediately emerged: 1) protection of wetlands in 
perpetuity, 2) minimum success criteria, 
3) quantification of the habitat evaluation methodology 
(WET) which, unfortunately, rendered qualitative 
results but not quantitative, 4) preservation credits, 
and 5) definition of geographic region for which 
projects could be mitigated. 

After significant research, investigate, analysis, and 
debate, the District believes a resolution has been 
found to adequately address these issues for the Greens 
Bayou Wetlands Mitigation Bank. The results are 
summarized as follows: 

Protection of Wetlands 

Meetings were held with the County Attorney to discuss 
options for permanent protection of the wetlands. The 
requirement of the guidelines is to achieve "no net 
loss" of wetlands. The County Attorney has drafted a 
document for placement of a conservation easement on 
each subdivision at the time minimum success criteria 
is achieved. This conservation easement is for 
"establishment of a wetlands mitigation bank only." 
Maintenance and preservation responsibility stay with 
the landowner (HCFCD) until such time that the tract is 
transferred to a third party. Transfer must be 
approved by the MBRT and HCFCD. 
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Minimum Success criteria 

After considerable negotiations, minimum success 
criteria has been defined and approved as a percent of 
vegetative coverage and increased hydroperiod to be 
achieved on each individual subdivision defined in 
detail on each site development plan approved by the 
MBRT. 

Quantification of WET 

Since this issue had not been defined in the 
guidelines, it became necessary for the HCFCD to solve 
the problem. While earlier mitigation plans approved 
by the Corps based replacement of wetlands on an 
acreage ratio, new thinking called for replacement of 
wetland functions and values rather than acres. This 
strategy assures a more equitable replacement from an 
ecological viewpoint as well as incentive for creation 
of higher quality wetlands. 

Eventually, the MBRT approved a formula for converting 
WET ratings and weighting functions and values to 
arrive at a score that could be multiplied by acres. 
This formula can be replicated so that future increases 
in functions and values on enhanced and created 
wetlands can be assessed for determining credits to be 
deposited in the bank. The formula also makes it 
possible to use WET in evaluating the impacted project 
site to assess replacement credits using the mitigation 
bank. The weighting is based on placing emphasis on 
those functions and values identified in the WET 
methodology which are considered more important to the 
local region. 

preservation Credits 

Guidelines of the MOA referenced allowing minimal 
credits for preservation of wetlands, but they did not 
define a formula. Therefore, it again became necessary 
for the HCFCD to work through this problem. The MBRT 
had issued warnings at every meeting that preservation 
did not fulfill the intent of "no net loss," and 
credits would be carefully scrutinized. Seeking a 
solution that would be acceptable to both the MBRT and 
to HCFCD, a proposal for receiving credits for 20% of 
wetlands determined by the delineation to be pristine 
and that would not be altered by bank design was 
presented to the MBRT and approved. 
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Geographic Region 

The Guidelines state: 

Mitigation 
geographic 
within the 
sub-basin, 
MOA. 

banks should be 
area as wetland 

same watershed, 
or as specified 

located in the same 
project sites, i.e., 
reg1me, hydrological 

in the specific bank 

Recognizing that mitigation banking offers higher 
quality compensation for wetland habitat losses, the 
case was made to the MBRT that allowing mitigation from 
outside the watershed of a specific bank would r€sult 
in greater ecological opportunity for quality 
mitigation. The MBRT approved the concept that 
mitigation will be allowed for projects within all of 
Harris county excepting section 10 waterway limits as 
defined in the Rivers and Harbors Act. These limits 
correspond to salt water intrusion on waterways that 
would result in saline influenced wetlands. 

The following is a copy of the final draft of the 
Memorandum of Agreement for the Greens Bayou Wetlands 
Mitigation Bank. It is currently being reviewed by the 
participating state and federal agencies. (National 
Marine Fisheries Services is not participating in this 
MOA as the project does not experience saline 
intrusion.) until this document is approved by all 
appropriate parties it should be considered 
preliminary, but is included herein for informational 
purposes. 
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MEMORANDUM OF AGREEMENT 

FOR THE GREENS BAYOU WETLAND 

MITIGATION BANK IN HARRIS COUNTY 

THIS AGREEMENT is made, entered into, and executed by and between 
the Harris County Flood Control District, a body corporate and 
politic under the laws of the state of Texas, hereinafter called 
"HCFCD" and the members of the Mitigation Bank Review Team 
("MBRT"), consisting of the United states Army Corps of Engineers 
District Galveston (COE), the united states Environmental 
Protection Agency, Region 6 (EPA), the united states- Fish and 
Wildlife Service (FWS), National Marine Fisheries Service (NMFS), 
Texas Parks and Wildlife Department (TPWD), Texas General Land 
Office (GLO), and the Texas Natural Resources Conservation 
commission (TNRCC). 

PURPOSE 

This Memorandum of Agreement (MOA) for the proposed Greens Bayou 
Wetlands Mitigation Bank has been developed to serve as a 
mechanism to allow necessary public and private projects to take 
place. in keeping with relevant legal requirements and 
environmental concerns. This mitigation bank will provide a 
means for the Harris County Flood Control District (HCFCD) and 
other entities or mitigation bank debtors to meet this essential 
need for compliance with regulations of the Clean Water Act as 
administered by the u.s. Army Corps of Engineers program. This 
mitigation bank is to provide compensatory mitigation in advance 
of unavoidable impacts to wetlands. The general location of this 
bank is shown on Exhibit A. 

The MOA has been developed in accordance with the Interagency 
Guidelines for the Development and Use of Mitigation Banks 
published by the U.s. Army Corps of Engineers Galveston District 
(Guidelines), dated June 1993, which establishes terms and 
conditions for a Mitigation Bank in Harris County. 

I. LEGAL AUTHORITY - The Greens Bayou Wetlands Mitigation Bank 
shall comply with existing Federal and State statutes, 
regulations, and policies, including the following: 

Clean Water Act (33 USC 1251 et seq.) 
Executive Order 11990 (Protection of Wetlands) 
Executive Order 11988, Floodplain Management 
Final Rule for Regulatory Program of the corps of Engineers 

(33 CFR 320-330) 
Memorandum of Agreement Between Environmental Protection 

Agency and Department of Army concerning Determination of 
Mi tigation under the Clean Water Act, Section 4-04' (b) (1) 
Guidelines 

Fish and Wildlife Service Mitigation Policy 
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Texas Parks and wildlife Department Mitigation Policy 
Texas General Land Office Mitigation Policy 
Texas Coastal Management Program 
Rivers and Harbors Act of 1899 (33 USC 403 et seq.) 
National Env. policy Act (42 USC 4321 et seq.) 
Texas civil Statutes Article 5421u, as amended 
Council on Environmental Quality Regulations for the 

implementation of NEPA 40 CFR Parts 1500-1508 
Fish and wildlife Coordination Act (16 USC 661 et seq.) 
National Historic Preservation Act as amended through 1992 

(16 U.S.C. 470) 
Endangered Species Act (16 USC 1531 et seq.) 

Pursuant to section 404 of Clean Water Act will apply for 
the necessary Corps permits to address the construction of 
the wetlands on the site. Although the sole purpose of the 
proj ect covered under this Memorandum of Agreement is to 
create and enhance wetlands, the implementation and 
construction of the design strategy may require minimal 
impacts to existing wetlands in order to retain the 
necessary hydrology. These impacts will be sequenced to be 
avoided when possible and minimized when unavoidable. 

Although the Interagency Guidelines recommends submittal of 
the proposed construction plans and design specifications 
as a part of the MOA, the large size of this project area 
makes it impractical to submit this detailed information at 
this time. This information, along with the descriptions 
of current conditions (baseline), will be submitted prior 
to the construction of each section. This site is to be 
subdivided into several sections. Construction will occur 
by HCFCD sequentially. Before construction of each 
section, the MBRT will review and approve design plans and 
assess the wetlands impacted by the construction of that 
section. Upon MBRT approval, a permit application will be 
filed with the Corps to address any wetland impacts 
necessary for the creation and enhancement of wetlands in 
that section. 

In addition to the above, HCFCD will be required to comply 
with all relevant local, state, and federal laws in the 
construction of the mitigation bank. 

II. CRITERIA FOR USE 

Conceptual review and concurrence for the proposed use of 
the wetlands mitigation bank has been sought by HCFCD from 
the regulatory and resource agencies since the inception of 
this project. This process requires HCFCD to demonstrate 
that a wetlands bank site is likely to function according 
to a site development plan approved by the MBRT. 
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In compliance with the Interagency Guidelines, specific 
criteria are established herein for utilization of this 
Greens Bayou tract as a wetlands mitigation bank. The 
criteria for use includes the following: 

A. Use of the wetland bank to mitigate for project-related 
wetland impacts will require the Debtor to demonstrate 
that the activity causing a wetland impact has gone 
through the sequencing process of avoidance and 
minimization including demonstrating mitigation banking 
is preferable to traditional mitigation measures, and 
that it requires a section 10 or Section 404 permit. 

B. Use of mitigation bank credits will not 
offset impacts from any non-permitted 
section 404 activity. 

be permitted to 
section 10 or 

C. Past mitigation work performed as compensation 
requirements for previously permitted work will not be 
accepted as bank credit. 

D. This mitigation bank may be used to mitigate for 
impacts to wetlands resulting from multiple public or 
private projects within Harris County excluding any 
impacts to riparian corridors under saline influence 
and all brackish and saline wetlands. The section 10 
limits of major bayou corridors roughly correspond to 
mixosaline intrusion (5 ppt). (See Exhibit B for 
approximate geographic limits.) 

E. Wetlands functions and values of all debit sites 
proposing to use this mitigation bank are to be 
determined according to the same assessment methodology 
used in determining the bank credits. In utilizing 
this mitigation bank, the methodology intended to 
assess credits and debits for wetland functions and 
values is a Quantification Methodology using the 
Wetland Evaluation Technique 2.0 (WET 2.0) as published 
by the U. S. Army Corps of Engineers Waterways 
Experiment station, october 1987 (see section IV for 
further definition). 

F. Bank credits cannot be established until minimum 
success criteria (MSC) has been achieved (see 
Section III for further definition). Once MSC has been 
achieved for a specific subdivision, credits will be 
assessed, in accordance with the Quantification 
Methodology WET 2.0 (see section IV for further 
definition), for increased functions and values. Once 
these credits are approved by the U. S. Army Corps of 
Engineers, they are to be deposited into the bank for 
use. 
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III. MINIMUM SUCCESS CRITERIA 

Minimum Success criteria (MSC) 
following wetland categories 
Bayou Mitigation Bank: 

is generally defined for the 
anticipated in the Greens 

A. Palustrine Emergent Persistent and Non-Persistent l 
Wetlands 

1. Achieve a minimum 
facultative (FAC)2 
A3. 

of 70% coverage of desirable 
or wetter plant species in Zone 

2. Achieve a minimum of 70% 
facultative wet (FACW)2 or 
in Zone B. 

coverage of desirable 
obligate (OBL)2 species 

3. Achieve a 
floodedl . 

wetland hydroperiod of seasonally 

B. Palustrine Scrub-Shrub Broad-leaved Deciduousl Wetlands 

1. Achieve a minimum of 70% coverage of desirable 
facultative (FAC)2 or wetter species. 

2. Achieve a wetland hydroperiod of saturatedl . 

C. Palustrine Forested Broad-leaved Deciduous l Wetlands 

1. Achieve a minimum 70% canopy of 
facultative (FAC)2 or wetter species. 

2. Achieve a 
flooded 1 . 

wetland hydroperiod of 

desirable 

seasonally 

Definitions of Wetland Zones are included on Exhibit C. 

HCFCD will identify priority vegetation species and desired 
hydroperiod, and HCFCD will design construction plans 
specifically to achieve MSC for each individual 
subdivision. The types of wetlands to be created in each 

lCowardin et.al. (1979/*). USFWS Wetland Classification 
System. 

2Porter B. Reed, Jr. (May 1988). USFWS National List of 
Plants Species That Occur in Wetlands: South Plains 
(Region 6). 

3Adamus, P.R., Clarain, E.J., Smith, R.D., and Young, R.E. 
1987. 
Wetland Evaluation Technique (WET); Volume II: 
Methodology. USAE Waterways Experiment station, 
Vicksburg, Miss. 
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individual subdivision will be specified, and their designs 
will be based on hydrology models, WET evaluations, 
vegetation surveys, avian surveys, soil surveys, grading, 
and contouring. Their detailed plans will be included in 
the site Development Plan for each subdivision. All site 
development plans are to be approved by the MBRT prior to 
beginning construction. 

IV. ASSESSMENT METHODOLOGY 

Based on extens i ve research and data gather ing , the MBRT 
and HCFCD determined that the appropriate quantification 
assessment methodology for the Greens Bayou Mitigation Bank 
would be based on a quantified version of WET 2.0. This 
methodology has been designed to emphasize wetland 
functions and values which are of significance to the local 
geographic region. since the geographical area to be 
served by this bank is limited to non-tidal areas of Harris 
County, the types of systems that will be involved in the 
bank exchanges are predominantly palustrine. Therefore, 
for this bank project, a method of comparative evaluation, 
with regional function and value priorities for palustrine 
systems has been established. A detailed discussion of the 
quantification methodology is attached as Exhibit D. All 
wetlands bank credits and development site debits are to be 
assessed utilizing this same methodology. 

V. CREDITS 

Development for preservation, enhancement, and creation of 
wetlands by HCFCD will occur in phases, in defined 
subdivisions of the site, and for future tracts which may 
be added to the bank, according to individual site 
development plans approved by the MBRT prior to 
construction. 

The criteria for establishing the credits value are as 
follows: 

A. Preservation Credit In accordance with the 
Guidelines, published June 1993, it is agreed that only 
minimal credits will be assigned to preservation of 
wetlands. Therefore, delineated high quality, hard to 
replicate wetlands, as verified by the COE biologists 
and so identified in the site plan for each individual 
subdivision, are to be given credit at a value of 20% 
of their total wetland functions and values as 
quantified by the Quantification Methodology utilizing 
WET 2.0 (see Exhibit D for a sample calculation). 
Preservation credits within a specific section of the 
mitigation bank will be deposited in the bank at the 
time the site development plans for that section are 
approved by the MBRT. 
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B. Enhancement or creation Credit - Enhancement credits 
and creation credits will also be established by the 
Quantif ication Methodology utilizing WET 2.0. At the 
time of an initial site assessment, this quantification 
methodology will be performed by HCFCD to establish 
current wetland functions and values (baseline value). 
Subsequent site assessment will also utilize the same 
methodology for evaluation. The value at the time of 
the subsequent assessment, minus the baseline value 
will establish the number of credits to be deposited in 
the bank (see Exhibit D for a sample calculation). 

Enhancement and creation credits will be deposited in 
the bank as soon as development of each subdivision of 
the mitigation bank site has been completed and minimum 
success criteria, as defined in the site development 
plan and in Section III, have been met and approved by 
the Corps of Engineers. 

Each site will continue to be periodically evaluated by 
HCFCD to establish credit value as described in 
VIII(B). These evaluations, as approved by the Corps 
of Engineers, will be utilized to adjust the number of 
credits deposited in the bank until maximum credits are 
achieved or until the site is closed for banking use. 

VI. WITHDRAWAL 

As previously stated, losses in wetland functions and 
values on the Debtor's development site will be measured by 
the same assessment methodology used in determining bank 
credits. Use of credits will be to offset unavoidable 
impacts to jurisdictional wetlands assessed by the Debtor's 
section 10 and or section 404 permit, including Individual 
Permits, General Permits, and Nationwide Permits. The 
number of credits required for mitigating such impacts will 
be established and stated in the conditions of each 
section 10 or Section 404 permit issued by the Corps of 
Engineers to the Debtor. The permit will provide 
documentation for withdrawal activity. 

VII. RECORD KEEPING 

The HCFCD will establish and maintain a current ledger of 
credi ts and debits. An official map of the bank showing 
the status of wetland creation and maturing will be a part 
of the permanent record. 

A. Credits withdrawn will be recorded in the ledger by: 

1. applicant's name 
2. COE permit number and/or identification number 
3. credits withdrawn (debit) 
4. date of transaction 
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B. The HCFCD will provide the COE an official 
each debit and credit transaction after 
occurred. 

copy of 
it has 

C. The HCFCD will provide annual statements documenting 
the status of the account to the MBRT until all credits 
have been withdrawn and the bank is closed. 

VIII. MONITORING OF THE WETLANDS MITIGATION BANK 

Monitoring the growth of the wetlands which would include 
consistent maintenance in each subdivision is critical to 
achieving a successful site, and to properly assess the 
increased functions and values credits to be deposited in 
the bank. To meet these objectives, the following minimum 
criteria are established herein: 

A. within one year after development is complete for 
enhancement or creation of a defined subdivision, the 
WET 2.0 Assessment will be run again by HCFCD 
exclusively on that defined subdivision to assess 
credits for increased functions and values. Once 
minimum success criteria have been achieved, credits 
assessed for increased functions and values and 
approved by the Corps of Engineers will be deposited 
in the bank. Adjustments to the maintenance program 
will be made by HCFCD after this annual assessment. 

B. For the first six years, HCFCD will run the WET 2.0 
Assessment bi-annually and every five years for the 
subsequent fifteen years on each of those subdivisions 
for which development has been completed for 
enhancement and creation. Addi tionally , assessments 
may be performed by HCFCD at its discretion. The 
methodology will be run by HCFCD to further assess 
changes in functions and values resulting in 
corresponding increases or decreases of credits in the 
bank, which must be approved by the Corps of Engineers, 
until maximum functions and values are achieved, or 
until maximum credits have been withdrawn from the 
tract. Credits will continue to be acrued until the 
maximum possible score is achieved as defined in the 
quantification methodology (see Exhibit D) . 

C. In addition to periodic running of the assessment 
methodology, HCFCD will monitor wetlands on at least a 
bi-monthly basis through on-site inspections of 
developed subdivisions to observe changes in hydrology, 
soils and vegetation for the first year. Thereafter, 
until the bank is closed, on-site inspections by HCFCD 
staff will be conducted quarterly. The MBRT may 
conduct on-site inspections at will. 



Page 8 

D. HCFCD will provide an annual Progress Report to the 
MBRT until all credits are withdrawn from the bank. 
Upon completion of construction of each individual 
subdivision of the bank, record drawings with 
photographic coverage will be submitted by HCFCD along 
with the subsequent annual progress report. 

E. Monitoring of the bank will continue by HCFCD until all 
credits have been withdrawn as provided for in Section 
VI. At that point, the MBRT will meet and review the 
operation of the bank, and a final report will be 
written by HCFCD summarizing the successes and failures 
of the bank. 

F. Maintenance of the wetlands and mitigation bank will 
consist primarily of controlling noxious and 
undesirable plants. HCFCD is obligated to provide 
reasonable corrective measures of deficiencies 
resulting in a loss of function and values below 
minimum success criteria. Specific maintenance plans 
and anticipated corrective measures will be defined in 
the MBRT approved submittal of construction plans and 
design specifications for each individual subdivision. 

IX. OWNERSHIP 

The Greens Bayou Wetlands Mitigation Bank site is owned in 
fee simple by HCFCD which has full financial responsibility 
for operation, maintenance and preservation of the 
integrity of the wetlands. The HCFCD retains these 
responsibilities until such time as they can be transferred 
to another party. (See section XI for the criteria to 
transfer responsibility.) 

X. DEDICATION 

At the time of establishing the minimum success criteria 
for each individual SUbdivision, and prior to depositing 
credits into the bank, a conservation easement will be 
placed on the subdivision by HCFCD to protect the wetland 
functions and values from other conflicting uses. This 
conservation easement will be dedicated to the public for 
creation of a wetlands mitigation bank only, in accordance 
with the Memorandum of Agreement. This dedication is 
intended to prohibit conflicting land usage. Exhibi t E 
shows the typical conservation easement proposed to be 
utilized. This conservation easement is to be filed in the 
public records of Harris County, Texas. 

By retaining fee simple ownership of the tract, HCFCD 
retains responsibility for maintenance, operation, and 
preservation of the wetland functions and values, until 
such time as this responsibility can be transferred to 
another party (see section XI) . 



Page 9 

XI. TRANSFER 

In the event the HCFCD wishes to sell, lease, or transfer 
maintenance, operation, and preservation responsibility of 
the wetlands site to another party after all credits are 
withdrawn, this third party will be required to fulfill all 
commitments set forth in the MOA, including land use 
restrictions. The HCFCD and the MBRT have approval 
authority over designation of the party to whom the bank 
may be transferred. 

XII. GENERAL CONDITIONS 

A. This instrument and the attached exhibits may be 
reviewed by all signatories to the agreement within two 
years of establishing the wetlands bank. 

B. This agreement may be amended as agreed by all 
signatories. 

C. A signatory may terminate its participation in this MOA 
upon written notice to all other signatories. 

D. No party hereto shall make, in whole or in part, any 
assignment of this Agreement or any obligation 
hereunder without the prior consent of the other 
parties. 

E. This instrument contains the entire agreement between 
the parties relating to the rights herein granted and 
the obligations herein assumed. Any modifications 
concerning this instrument shall be of no force or 
effect, excepting a subsequent modification in writing 
signed by all parties hereto. 

EXECUTED in duplicate originals on this day of ___ , 1995. 

APPROVED AS TO FORM: 

MIKE DRISCOLL, County Attorney 

Paul Taparauskas 
Assistant County Attorney 
Harris County, Texas 

HARRIS COUNTY FLOOD CONTROL 
DISTRICT 

BY~~ __ ~~~~ ______ =-________ _ 
Arthur L. Storey, Jr. 
Executive Director 

BY~,-~~~~,-_~_,-~~,-__ 
Robert Eckels, County Judge 
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James P. King, Colonel, U. S. Army 
Commanding Officer 
U. S. Army Corps of Engineers, Southwestern Division 

Russell F. Rhoades 
Director, Environmental Services Division 
U. S. Environmental Protection Agency, Region 6 

David L. Hankla 
Field Supervisor 
U. S. Fish and wildlife Service 

Andrew Sansom 
Executive Director 
Texas Parks and Wildlife Department 

Garry Mauro 
Commissioner 
Texas General Land Office 

Dan Pearson 
Executive Director 
Texas Natural Resources Conservation Commission 



EXHIBIT A 

VICINITY MAP FOR THE 
GREENS BAYOU WETLANDS MITIGATION BANK 

HOUSTON VICINITY MAP 
HARRIS COUNTY. TEXAS 
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GEOGRAPIllC AREA OF USE 

GREENS BAYOU MITIGATION BANK 

AREA EXCLUDED FROM UTILIZATION -
RIPARIAN CORRIDORS UNDER 
SALINE INFLUENCE AND ALL 
BRACKISH AND SALINE WETLANDS 

(CORRESPONDS TO SECTION 10 LIMITS 
APPROXIMATING MlXOSALlNE lNTRusroN) 
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B. 

EXHIBIT C 

UPlAND 

ZONE A IS: 
III VARIABLY SAT\JRATED. BUT SURFACE WATER IS NOT PERMANENT 
[21 MORE UKELYTO BE VEGETATED WITH FACVLTATlVEsPEClES 

ZONE B IS: 
[II SURFACE WATER IS PRESENT AT THE sPECIFIED SEASON OR TIDE 
121 MORE UKELY TO BE VEGETATED WITH OBUGATE sPECIES 
[31 MADE OF THE FOLLOWING SUBZONES: 

loBI oPEN WATER 
Mil VEGETATED 
I<BI ERECTVEGETATlON 

ZONEC IS: 

Ir81 R08USTVEGETATION 
1&81 SUBMERGED VEGETATION 

III OPEN WATER WITH AOEPTH OF AT LEAST6.6FTI2MI 

\.lET 2.0 

The above figure is reproduced from the Wetland Evaluation Technique 
(WET); Volume II Methodology by Adamus, ?R •. , Clarain, E.J •• Smith, 
R.D., and Young, R.E., U.S. Army Corps of Engineers Waterways 
Experiment Station. 

Figure 15. ~etland zones 
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EXHIBIT 0 

GREEN'S BAYOU MITIC~ION BANK 
CREDIT DETERMINATIONS USING WET VERSION 2.0 

The successful operation of the Green's aayou Mitigation Bank is 
dependent upon a manageable method of determining the 'iiUmber of 
credits that are available in the bank at any given time, and a 
comparable method of evaluating debit site wetlands for their 
exchange values in the bank. This document discusses the need 
for such a method, the rationale of method development, and the 
method itself. 

NEED FOR METHODOLOGY 

Prior to the establishment of the Green's Bayou Bank, wetland 
comparisons and compensations for losses have generally been 
applied on an acre-for-acre basis, resulting in the now familiar 
mitigation ratios of 2:1, 5:1, and so on. Using the safety-in
numbers approach, the primary goal of these ratios has been to 
ensure that no net loss of wetland functions and values occurs 
from permitted activities. This method of compensation does not 
address wetland "quality", per se, and few assurances can be made 
that the results of acre-for-acre ratios would prevent net losses 
of functions and values. 

The general consensus among the regulatory agencies and those who 
are involved in wetland issues is that acre-for-acre compensation 
(exchange) is not a realistic approach, since an acre of one 
wetland may not "equal" an acre of another. That being the case, 
a method by which wetlands can be evaluated on the basis of 
quality is highly desirable for determining compensation. 

The quality of a wetland can be defined by the ecological 
functions it performs and the values that it adds to the overall 
environment in which it exists. If a method of evaluating and 
comparing these functions and values can be developed, 
proportional exchanges can be made between banked wetlands and 
debi t site wetlands. The net resul t will be an exchange of 
wetland quality. 

Using the quality assessment approach, the need for mitigation 
ratios, as in acre-for-acre compensation, should not be 
necessary. Since a mitigation bank, by definition, must contain 
functioning wetlands before any exchanges can be made, there will 
not be the net loss of functions and values that many times occur 
in conventional mitigation practices where the time between 
wetland impacts and a functioning mitigation site may be lengthy. 
Therefore, a quantification methodology must not only establish a 



means for assessing ~etland quality, it must also establish a 
means for determining appropriate exchanges. 

Quality comparisons between wetlands do not automatically 
translate to proportional exchanges. However, if separate 
wetlands are evaluated using the sallie <::r i teria, the resulting 
quality ratings provide a foundation for applying quant~fication 
factors that can be used to calculate exchange rates as well as 
banked credits. The task then becomes to develop a method of 
quantification whereby wetlands can be compared, scored, and 
proportionally exchanged. 

METHOD DEVELOPMENT AND RATIONALE 

The Wetland Evaluation Technique Version 2.0 (WET) , which has 
been used for the Green's Bayou Bank, evaluates wetland functions 
and values in terms of social significance, effectiveness, and 
opportunity and assigns "qualitative probability ratings" (called 
"probabili ty ratings" or "ratings") for each function or value 
under one or more of these categories. Social significance and 
effectiveness ratings are the applicable evaluations derived from 
WET for credit calculation purposes since they assess the current 
conditions on a site at any given point in time. The opportunity 
rating merely represents the potential for a function or value to 
occur in a wetland and is not a good current indicator of whether 
or not the function or value actually occurs. Therefore, the 
opportunity ratings have not been utilized in the methodology. 

While the probability ratings of LoW, Moderate, or High generated 
by WET reflect the probability of a function or value to provide 
social significance or effectiveness, they do not provide an 
order of magnitude for comparing the importance of one function 
or value to another. However, by prioritizing functions and 
values based on their regional or local importance, and weighting 
them accordingly, an order of magnitude can be established. 

The authors of WET state in their explanatory and rationale 
statements that "The authors recognize the desirability of 
regionalizing WET ... " and they emphasize that professional 
judgements and knowledge by local experts and regulatory agencies 
are highly desirable for effective regional adaptations of the 
methodology. Prioritizations of functions and values for 
regional interpretations can substantially enhance the quality 
and confidence level of a wetland evaluation derived from WET. 

For example, in some areas of the country a wetland's ability to 
recharge groundwater may be very significant while in other 
areas, such as the local Gulf Coast, this function may not be as 
important. A local adaptation of WET, therefore, might de-



emphasize this particular function. In contrast, flood flow 
alteration in a local WET application might receive a much higher 
importance ranking than it would in other areas where flooding is 
not a problem. 

Since WET was developed to evaluate the major functions and 
values of wetlands for broad applications (i.e. nationwide) 
prioritizations of functions and values "can fine tune':~WET for 
local or regional use. Once the functions and values have been 
ranked for priority, wetlands can be evaluated for their 
abili ties to provide those functions and values in terms of 
social significance and effectiveness for the local area. In 
essence, the quality of a particular wetland can be determined. 

Table 1 illustrates the regional prioritization of the functions 
and values for the Greens Bayou Mitigation Bank service area that 
are evaluated in the Social Significance and Effectiveness 
categories of WET Version 2.0. Under these WET evaluation 
categories the functions and values have been divided into three 
(3) priority rating groups -- High, Moderate, Low -- based on 
their regional importance, as discussed previously. Those that 
have a High rating have been weighted by assigning a value of 3; 
those with a Moderate rating, a 2; and those with a Low rating, a 
1. 

SOCIAL SIGNIFICANCE EFFECTIVENESS 

HIGH 3 MOD 2 LOW 1 HIGH 3 MOD 2 LOW 1 

WDA UH REC WDAB NRT GWR 
STR NRT GWR WDAW PE GWD 
FFA ADA GWD WDAH ADA 
SS STR 

FFA 
SS 

Wildlife Diversity Abundance (WDA) Uniqueness/Heritage (UH) 

Breeding (WDAB) Nutrient Removal/Transport (NRT) 
Wintering (WDAW) Aquatic Diversity/Abundance (ADA) 
Migration (WDAH) Recreation (REC) 

Sediment/Toxicant Retention (STR) Groundwater Recharge(GWR) 
Flood Flow Alteration (FFA) Groundwater Discharge (GWD) 
Sediment Stabilization (55) 

Table 1. Reg~onal Pr~or~t~zat~on of WET Funct~ons and Values w1th We~ght1ng. 
Greens Bayou Mitigation Bank Service Area. 

Likewise, the WET probability ratings of High, Moderate, or Low 
for each function or value have been assigned values of 3, 2, 
and I, respectively. 

When comparing wetlands certain restrictions must be applied to 
the types of systems being evaluated. For example, it would not 
be reasonable to compare marine systems with palustrine systems 
since their physical, chemical, and biological functions are too 
broadly separated. However, it would be reasonable to compare 
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marine with marine, palustrine with palustrine, and so on. WET 
is very effective for evaluating and comparing wetlands within 
the same systems classification. 

The Green's Bayou Mitigation Bank, by definition of its market 
area, excludes wetlands that would be classified as marine or 
estuarine systems. Since the geographical area to be served by 
the bank is limited to Harris County, non~Section 10 limi.ts, the 
types of systems that will be involved in bank exchanges are 
predominantly palustrine. Therefore, for this bank proj ect 
service area, a method of comparative evaluation with regional 
function and value priorities for palustrine systems is 
necessary. 

CREDIT DETERMINATION METHODOLOGY 

The method for converting a WET evaluation for palustrine systems 
in the Green's Bayou Mitigation Bank is outlined in the following 
section. There are two primary development criteria that were 
considered for this methodology. 

First, the method should be easily applied and understood by all 
- the principals involved in the development, monitoring, 

accounting, and auditing of the bank. An intricate system would 
increase the probability of error in usage of the methodology 
and, subsequently, increase the probability of misunderstanding. 

Second, the method should not distort the function and value 
probability ratings generated by a WET evaluation. We 
acknowledge that the authors of WET have stated that fI i t is 
inappropriate to assign numerical values to probability ratings, 
multiply these values by acreage figures, and use the values to 
derive an overall probability rating for a wetland. fI This 
methodology is intended to generate a Quality Points Score (QPS) 
that may be converted to available credits in the bank or 
exchange rates of mitigation into the bank. An overall 
probabili ty rating for an evaluated wetland is not the goal of 
this quantification methodology. 

The. Social Significance and Effectiveness ratings for the nine 
(9) functions and two (2) values that are evaluated by WET have 
been used for this quantification. In most cases, each of the 
functions or values are evaluated by WET for both categories, 
resulting in a total of twenty one (21) ratings. 

The score for· any given function or value is derived by 
multiplying its priority value by its probability rating value. 
For example, a function or value with a Moderate priority rating 
(value, 2) that has a WET probability rating of Low (value, 1), 
would score a total of 2 points. This is benchmarked against the 
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maximum possible score, which would be Moderate priority rating 
(2) x High probability~ating (3), or a total of six (6) points. 

This procedure is repeated for each function or value under each 
of the two evaluation categories (Social Significance and 
Effectiveness) . The total number of points scored (actual) 
compared to the total number of points available (maximum) 
results in a percentage that becomes tlie Quality Points Score 
(QPS) for the functions and values of the wetland. 

Tables 2 and 3 illustrate the score determinations for a sample 
upland or low quality wetland assessment area (a potential 
wetland creation/enhancement area) that has been evaluated by the 
WET methodology. The Regional Priority Rating column reflects 
the prioritized functions and values (From Table 1) while the WET 
Rating column represents typical probability ratings derived from 
a WET evaluation of the area. 

SOCIAL SIGNIFICANCE EVALUATION 
REGIONAL SAMPLE MAX 

FUNCTION PRIORITY WET SAMPLE POSSIBLE 
VALUE RATING RATING SCORE SCORE 

WDA 3 2 (M) 6 9 
STR 3 2 eM) 6 9 
FFA 3 2 (M) 6 9 
SS 3 2 (M) 6 9 
UH 2 3 eH) 6 6 
NRT 2 2 eM) 4 6 
ADA 2 2 (M) 4 6 
REC 1 2 eM) 2 3 
GWR 1 2 eM) 2 3 
GWD 1 2 eM) 2 3 

TOTAL SOCIAL SIGNIFICANCE SCORE 44 63 
Table 2. Soc1al S1gn1f1cance Score Determ1nat1on 

EFFECTIVENESS EVALUATION 
REGIONAL SAMPLE MAX 

FUNCTION PRIORITY WET SAMPLE POSSIBLE 
VALUE RATING RATING SCORE SCORE 

WDAB 3 1 eL) 3 9 
WDAW 3 leL) 3 9 
WDAM 3 leL) 3 9 
STR 3 1 eL) 3 9 
FFA 3" 2 eM) 6 9 
SS 3 leL) 3 9 
NRT 2 leL) 2 6 
PE 2 1 eL) 2 6 
ADA 2 2 eM) 4 6 
GWR 1 leL) 1 3 
GWD 1 leL) 1 3 

TOTAL EFFECTIVENESS SCORE 31 78 
Table 3. Effect1veness Score Determ1nat10n 



,-.. 

The QPS is then determined by adding the scores for both 
categories and comparing the total to the combined Max Scores for 
both categories, which is 141 (63+78). This comparison results 
in a percentage that becomes the OPS for the assessment area (See 
Table 4.) 

SAMPLE MAX POSS 
SCORE SCORE QPS ~-.. 

SOCIAL SIGNIFICANCE 44 63 
EFFECTIVENESS 31 78 

ASSESSMENT AREA 75 141 0.532 
Table 4. Assessment Area QPS Calculation 

This QPS may then be applied to the number of acres in the 
assessment area to determine Function/Value Units (units). 
Acreage is used in the quantification to determine the total 
number of units to be deposited as credits into the bank. For 
example, if the assessment area evaluated in Tables 2, 3, and 4 
above contained 100 acres, the unit calculation would be as 
follows: 

UNITS = 100 acres x 0.532 = 53.2 

By using the above calculation method, mitigation bank credits 
can be determined at any given point in time, thereby providing a 
method for quantifying the gains (or losses) in functions and 
values that may occur over the useful life. of the bank. For 
example, if positive creation or enhancement activities of the 
bank sponsor for the above assessment area resulted in increased 
wetland functions and values that yielded a new QPS of 0.732 at 
some point in the future, the unit calculation would be as 
follows: 

UNITS = 100 acres x 0.732 = 73.2 
(Net Gain = 20 Units) 

It is also apparent in this methodology that a wetland bank can 
also experience a net loss' in units if the QPS decreases. 
Therefore, there is an obvious financial incentive for the bank 
sponsor to create well-managed high quality wetlands to keep 
sellable credits at optimum levels while the bank is in service. 

METHOD APPLICATION 

Since credits are first deposited in a mitigation bank when a 
wetland assessment area achieves Minimum Success Criteria (MSC) , 
this is obviously the critical point at which WET evaluations 
should be performed and credits calculated for deposit into the 
bank. However, it must be acknowledged that some assessment 
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areas may contain wetland functions and values prior to creation 
or enhancement activities. In these cases, it would be 
inappropriate to obtain future credits for the functions or 
values that were already in existence. 

A mitigation bank, by its nature, would be comprised dominantly 
of upland (non-wetland) acreage prior to its development. 
However, wi thin the designated bank area there may--::.be some 
wetlands already in existence. These areas could vary greatly 
from low quality wetlands to pristine areas marked for 
preservation. Therefore, in addition to performing WET credit 
calculations at MSC, it becomes necessary to assess the functions 
and values at some representative point prior to any creation or 
enhancement activities. 

This point, called the "Baseline" in this methodology, determines 
the units in the assessment area prior to bank development. The 
difference between the units at MSC and the units at Baseline 
determines the bank credits available for deposit and, 
ultimately, exchange. By calculating credits in this manner, 
prior existing wetland functions and values are not "sold", 
resulting in a net loss. Only those credits which were actually 
created by the bank sponsor are available for sale. The 
following basic calculation illustrates this concept: 

UNITS @ MSC - UNITS @ BASELINE == AVAILABLE BANK CREDITS 

Additionally, it should be pointed out that in large or diverse 
assessment areas, such as those in the Greens Bayou Bank, there 
may be pristine wetlands (preservation areas) in existence at 
Baseline. Since these types of wetlands generally have higher 
functions and values scores, an "averaging down" effect would 
result from their inclusion in the unit evaluation for the entire 
assessment area. To compensate for this, Baseline unit 
calculations for preservation acreage should be evaluated 
separately using this methodology. The number of units from this 
evaluation can then be combined with the calculated units for the 
remaining acreage to determine Baseline credits for the entire 
asse~sment area. Using the above basic calculation as a 
foundation for the methodology, the actual bank credit 
calculations may be developed. Table 5 illustrates the 
calculation to be used for determining the credits in the bank at 
any given time. 

MITIGATION BANK CREDITS Ie) 

Where: 
c == Cp + u ..... 

Cp == Credits for Preservation, Pristine Wetlands 
Uaa == Units for Remaining Assessment Area 

Table 5. Mitigation Bank Credit Calculation 



The component CP (Preservation Credits) of the credit calculation 
is determined by the formula shown in Table 6. By evaluating 
preservation wetlands separately, as called for in this 
methodology, a Quality Point Score (Shown as QPSp) will be 
generated for the preservation area. In addition, since only 
partial credit can be received for preservation, a Preservation 
Ratio (PR) must be applied to the calculated units to reflect the 
fractional portion of the units that can be deposited as;: . .credits 
in the bank. For the Green's Bayou Mitigation Bank, the 
Preservation Ratio has been established as 20%(PR=0.2) due to the 
high quality of the preservation sites. 

PRESERVATION CREDITS (Cp) 

Where: 

Cp = QPSp (Ap) (PR) 

QPSp = QPS of Preservation Wetland 
Ap = Area of Preservation Wetlands, acres 
PR = Preservation Ratio 
Table 6. Preservation Credit Calculation 

The remaining component, Uaa (Assessment Area Units), is 
calculated in a two step process which calls for first 
determining the Baseline Units (Ub) shown in Table 7. These 
units, which are considered pre-existing, remain constant 
throughout the life of the bank and are therefore subtracted from 
the total units in the assessment area, as shown in Table 8. 

BASELINE FUNCTION/VALUE UNITS (Ub) 

Where: 

Db = QPSb (A.) 

QPSb = QPS of Existing Wetlands @ Baseline 
A. = Area of Existing Wetlands, acres 

Table 7. Baseline Unit Calculation 

ASSESSMENT AREA UNITS (Uaal 

Where: 

Uaa = QPS (Aaa) - Uk 

QPS = QPS of Assessment Area 
Aa. = Total acreage (At) of Assessment Area minus 

Preservation Acreage (Ap) 

Table 8. Assessment Area Unit Calcualtion 

Table 9 on the following page illustrates a sample credit 
calculation for an assessment area that is comprised of upland 
acreage, or a pure wetland creation site. Following that, Table 
10 illustrates a sample credit calculation for a more complex 
assessment area that contains a mixture of upland, wetland, and 
preservation acreages which could produce a combination of 
creation and enhancement The quantities or values used in these 



two calculations are not derived from any specific areas in 
Greens Bayou Bank, rather they are representative "numbers" 
might be generated by this methodology for sites within 
service area of this bank. 

the 
that 
the 

For illustration purposes, the available bank credits are assumed 
to be calculated at MSC, as shown in the sample calculations. 
Howeyer, this calculation may be performed at any timedll;rj ng the 
useful life of n bank to quantitatively monitor any gaj ns or 
losses in credits. 

SAMPLE CREDIT CALCULATIONS 

SAMPLE WETLAND 

Upland Conversion 

At 
Ap 

Ae 
QPSb* 
QPS 

200 acres 
o acres 
o acres 
0.53 
0.74 

Calculations 

Aaa = 200 - 0 o 

Cp o (0) (0.2) 0 

Ub 0.53(0) = 0 

Uaa = 0.72(200) - 0 144 

C = 0 + 144 = 144 
Table 9. Sample Credit Calculation of Upland Assessment Area (Wetland 

Creation) 
+NOT£: Even though there may be no existing wetland acreage in a pure upland conversion, a site 
may possess some of the functions and values attributed to wetlands, such as flood flow 
alteration, wildlife diversity, or uniqueness/heritage. These will generally be reflected in the 
WET Social Significance ratings, thus generating a QPSb. 

SAMPLE WETLAND 

Mixed Area 

At 
Ap 

Ae 
QPSp 
QPSb 
QPS 

300 acres 
6 acres 

54 acres 
0.89 
0.56 
0.74 

Calculations 

Aaa = 300 - 6 = 294 

Cp 0.89(6) (0.2) = 1.07 

Ub 0.56(54) = 30.24 

Ua. = 0.74(294) - 30.24 = 187.32 

C = 1.07 + 187.32 = 188.39 
Table 10. Sample Credit Calculation of Mixed Assessment Area (Wetland 

Creation/Enhancement) 

DEBIT/CREDIT EXCHANGES 

Once available bank credits have been determined, as shown in 
Tables 9 or 10, they can be deposited in the bank. Permitted 
wetland impacts from off site debit locations may then be debited 
against the balance. 



To determine applicable debits, the off site debit wetlands 
should be evaluated using both WET Version 2.0 and the regionally 
prioritized quantification method that was used for credit 
calculations in the bank. By doing so, proportional exchanges 
based on wetland quality can be achieved. The basic calculation 
for debits/credits is as follows: 

AVAILABLE BANK CREDITS - DEBIT SITE UNITS = AVAILABLE CREDIT ~CE 

Table 11 illustrates a sample debit/credit calculation based on a 
typical off site debtor wetland, and available bank credits as 
determined in Table 10. 

SAMPLE DEBIT SITE WETLAND DEBIT. rAT.rTlT.A'I'ION 

Size: 
QPS 
Debits 

9 acres 
0.65 

Available Bank Credits 
Debits 

5.85 (9 x 0.65) Available Credit Balance 
Table 11. Sample Credit/Debit Calculation 

188.39 
-5.85 

182.54 
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THE STATE OF TEXAS § 
§ 

COUNTY OF HARRIS § 

EXHIBIT "E" 

CONSERVATION EASEMENT 

KNOW ALL MEN BY THESE PRESENTS: 

This instrument is executed by the Harris County FI~ Control District (~~.,"District") 

on the date below written for the purpose of establishing a Conservation Easement upon, over 

and across those certain lands more particularly described below, subject to those certain 

limitations and restrictions herein contained. 

WHEREAS, the District is a political subdivision of the State of Texas, established 

under Article XVI, Section 59, of the Texas Constitution as a conservation and reclamation 

district; and 

WHEREAS, the boundaries of the District as a conservation and reclamation district 

are located within a county having a population in excess of 2.1 million people; and 

WHEREAS, the District, as a political subdivision of the State of Texas, is authorized, 

pursuant to the provisions of Tex. Rev. Civ. Stat. Ann. art. 5421u, (Vernon 1993), to take all 

necessary and reasonable actions to comply with certain federal requirements for the 

establishment and maintenance of a mitigation bank (as that term is defined therein) including, 

but not limited to: 1.) acquiring any land necessary for a mitigation bank; 2.) adopting and 

enforcing permanent land use and control measures upon such land consistent with federal 

requirements; and 3.) contracting for the use or operation of the mitigation banks or any part 

thereof by an operator (as that term is defined therein); and 

WHEREAS, the District pursuant to its desire to establish a mitigation bank, and by the 

authority vested in it by the above referenced statute, has acquired by purchase the fee simple 

estate in and to those certain lands more particularly described by metes and bounds in that 

certain Exhibit "An which is attached hereto and made a part hereof for descriptive purposes; 

and 

WHEREAS, pursuant to its authority to comply with federal requirements in the form 

of legislation, rules or guidelines necessary for an eligible program of mitigation banking, the 

District, together with certain other state and federal agencies and/or authorities named and 



described therein, has joined in the execution of that certain Memorandum of Agreement dated 

_______ , 199 , ,(the "MOA"), which MOA is based upon and is required by 

those certain Interagency Guidelines, dated June 1993 and prepared by the U.S. Army Corps 

of Engineers and certain other state and federal agencies more particularly described in such 

Interagency Guidelines; and 

WHEREAS, the District is obligated under the terms of the MOA executed by it in 

conformity with the above referenced Interagency Guidelines to adopt and enforce permanent 

land use control measures on land owned by it in a mitigation bank consistent with those 

federal requirements expressed in the above referenced Interagency Guidelines and is further 

authorized to adopt and enforce such permanent land use and control measures under the terms 

of the above referenced statute; and 

WHEREAS, it has been determined by the District that the establishment of a 

mitigation bank is a proper and authorized use of those lands described in Exhibit" A" and that 

the use of such land for such purposes would benefit and serve the interest of the District in 

performing and discharging its statutory duties under the laws of Texas; and 

WHEREAS, it has been further determined by the District that a Conservation 

Easement of the nature and type provided for hereinbelow would be the most advantageous 

means whereby the permanent land use and control measures contemplated by the above 

referenced Interagency Guidelines, and which the District is obligated to impose under the 

terms of the MOA, may be accomplished. 

NOW, THEREFORE, the District, for and in consideration of the benefits that would 

be provided by the establishment of a mitigation bank, and pursuant to the authority conferred 

upon it by TEX. REV. CIV. STAT. ANN. art. 5421u, §6.02(a)(2) (Vernon 1993) does 

hereby create it conservation easement (the Easement) over, across and upon that certain parcel 

of land containing ____ acres more or less described in Exhibit "A" (the Easement 

Area). No use will be made of the Easement Area that is not consistent with or is not 

otherwise permitted by this Easement. As used in connection with those certain itemized 

limitations Nos. "1" through "12", only, which limitations are set forth more particularly 
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below, certain words andlor phrases shall have only those certain, specific meanings asCribed 

to them. The meanings ascribed to such terms andlor phrases, hereinbelow, shall be applied to 

such terms andlor phrases when used in the context of the itemized limitations, Nos. "1" 

through" 12", and in no other context. The meanings to be ascribed to such terms andlor 

phrases as they appear or may be used in the context of other provis.ions of this ~tistrument 

shall be only as therein indicated. The words andlor phrases and their meanings, as used in 

item Nos. "1" through "12" are as follows: 

A.) "Interagency Guidelines" shall mean that document, and that document only, 

that is entitled "INTERAGENCY GUIDELINES FOR THE DEVELOPMENT AND USE OF 

MITIGATION BANKS IN TIIE GALVESTON DISTRICT, CORPS OF ENGINEERS, dated 

June 1993 and which was prepared jointly by the u.S. ARMY CORPS OF ENGINEERS 

together with certain other state and federal agencies or governmental authorities more 

particularly described therein; 

B.) "Memorandum of Agreement" shall mean those certain written documents 

specifically identified, entitled or referred to as "Memorandum of Agreement" which have 

been prepared with the assistance of a Mitigation Bank Review Team (MBRT), as that term is 

defmed in the Interagency Guidelines (as that term is defined in item "A", above), and which 

document has been prepared in conformity with and pursuant to such Interagency Guidelines. 

Notwithstanding anything O?ntained herein to the contrary, the term "Memorandum of 

Agreement" shall mean only those valid and subsisting Memorandum of Agreements, as that 

term is defined herein, which have been properly executed by such parties as may be required 

under the terms of the Interagency Guidelines (including the "Mitigation Bank Operator", as 

that entity is defined in the such Interagency Guidelines) and which specifically covers and 

includes all or part of the Easement Area; 

C.) "Mitigation Bank" shall mean only those mitigation banks which have been 

approved or authorized pursuant to a Memorandum of Agreement (as that term is defined in 

item "B", above), which specifically covers or embraces all or part of the Easement Area. 

Notwithstanding anything contained herein to the contrary, should the Easement be used in 
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conjunction with one or more other conservation easements created by the District covering 

lands owned by the District other than the Easement Area, for the purpose of establishing a 

Mitigation Bank, the Easement hereby created by the District, and the use which may be made 

of the Easement Area, shall not be otherwise limited or impaired, nor shall such Easement or 

the use that may be made of the Easement Area, be limited o~ impaired by the failure of such 

other lands to be embraced by or remain part of a mitigation bank; 

The limitations which the Easement is subject to, and which shall govern all uses made 

of the Easement Area, are as follows, to wit: 

1.) except as otherwise provided for herein, no use shall be made of the Easement 

Area which is not otherwise necessary, incidental or appurtenant to the establishment of a 

Mitigation Bank upon the Easement Area. Without in anywise limiting the effect of the 

foregoing provision, the establishment or use of a "Buffer Zone", as that term is defined in 

- TEX. REV. crv. STAT. ANN. art. 542lu, §6.0l (1993) shall be permitted (but shall not be 

required) so long as the establishment and use of such Buffer Zone is necessary, incidental or 

appurtenant to the establishment of a Mitigation Bank; 

2.) no use shall be made of the Easement Area by the District as the owner of the 

fee simple estate therein nor will the District take any action that shall otherwise substantially 

conflict with or impair the m:e herein permitted to be made of the Easement Area as such use 

may have been limited herein. Any transfer, assignment or conveyance, in whole or in part, 

of any interest in the Easement Area, or part thereof; including any conveyance of the fee 

simple estate therein, shall be subject to the Easement created hereby. Without in anywise 

limiting the effect of the foregoing provision, nothing herein shall be construed as prohibiting 

the District as the owner of the fee simple estate therein from making any use of the Easement 

Area or exercising any right thereto not otherwise inconsistent with the Easement, including, 

by way of description and not by way of limitation, the right, from time to time, and at any 

- time, to make additional conservation easements or dedications for the purpose of conserving, 

maintaining or protecting wetlands located on the Easement Area which may have been 

preserved, enhanced, restored or created, whether directly or indirectly, through the agency of 
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a mitigation bank established on the Easement AIea, so long as any such easement or 

dedication is made subject to the terms of any Memorandum of Agreement that may be 

applicable to the Easement Area at such time; 

3.) to the extent that they do not conflict with the terms and provisions of any 

Memorandum of Agreement or the Interagency Guidelines,· the District may· frOm time to 

time, and at any time, promulgate and adopt such reasonable rules and regulations consistent 

with its rule making authority. under law as may be necessary or that otherwise serve to 

promote or to implement the objects and purposes of this Easement, or which serve to promote 

the interests of the District as a reclamation and conservation district, including (by way of 

description and not by way of limitation) rules and regulations requiring the execution by those 

persons seeking access to the Easement Area of "right of entry agreements", or other similar 

written agreements, establishing reasonable restrictions as to manner and time of such access; 

4.) this Conservation Easement, shall be subject to ail state and federal laws, rules 

and regulations, and to the extent applicable, any and ail municipal or local laws, rules, 

ordinances, or land use regulations adopted by any governmental authority having jurisdiction 

over the Easement Area; 

5.) any use made of the Easement Area shall be accomplished in a manner that is 

consistent with good conservation and land management practices and no activity shall be 

permitted on the Easement Area that does not comply with or which does not conform to the 

terms and provisions of a Memorandum of Agreement. The use that shall be made of the 

Easement Area shall not include the introduction or implantation of any species of flora or 

fauna not native to the Easement AIea that has, or may tend to have, the effect of disrupting 

the existing ecosystem, or that otherwise alters those wetland habitats that may have been 

preserved, enhanced, restored or created through the agency of a mitigation bank. All uses 

permitted to be made of the Easement Area under the terms of the Easement shall be done at 

the sole risk,cost and expense of the party making use of such Easement Area and shall be 

done in a manner as will not unreasonably interfere with access to the Easement Area; 
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6.) notwithstanding anything contained herein to the contrary, any entity designated 

as the Mitigation Bank Operator in a Memorandum of Agreement shall have such right as may 

be provided under law, including that provided under (TEX. REV. eIV. STAT. ANN. art. 

5421u, § 6.02(10) (Vernon 1993) to contract for the use or operation of a Mitigation Bank, or 

any part thereof, by another party, so long as such party otherwise qualifies as :a:.-"Mitigation 

Bank Operator under a Memorandum of Agreement or the approval or the authorization of 

such contract for the use or operation of a Mitigation Bank has been obtained from all 

necessary state and federal agencies or other governmental authorities; 

7.) except as otherwise specifically provided in this instrument, or when otherwise 

necessary to establish a Mitigation Bank, no draining, filling, or clearing shall be permitted in 

the Easement Area at any time; there shall be no removal, destruction, cutting, trimming, 

mowing, alteration, or spraying with biocides of any vegetation in the Easement Area or any 

change in the natural habitat in the Easement Area; and no motor vehicles or construction of 

improvements shall be permitted on the Easement Area, except as shall be necessary, incident 

and/or appurtenant to the est'llJlishment of a Mitigation Bank or as shall be necessary in 

connection with the continuing operation, maintenance and preservation of a Mitigation Bank 

being established hereunder; 

8.) notwithstanding any other provision of this instrument to the contrary, such 

pedestrian pathways and rest areas (including benches) may be constructed and maintained 

throughout the Basement Area as may be permitted under the terms of any Memorandum of 

Agreement, Interagency Guidelines, or any federal or state law, rule or regulation. The 

District, as owner of the land shall have no obligation to remedy any damage to the Easement 

Area, including the wetlands located in the Easement Area, when damage is caused in the 

future by forces beyond the. landowner's control, such as fire, flood, storm, or the 

unauthorized act of a third party; 

__ 9.) the Corps of Engineers of the United States Army, the United States Fish and 

Wildlife Service, United States Environmental Protection Agency, National Marine Fisheries 

Service, the General Land Office of the State of Texas, the Texas Natural Resource 
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Conservation Commission and the State of Texas Department of Parks and Wildlife and any 

and all other state or federal agencies which may compose a Mitigation Bank Review Team 

named in any Interagency Guidelines, may inspect the Easement Area from time to time, may 

enter the premises at all reasonable times to conduct studies and monitor the use of the 

Easement Area, and together with the District, shall have the nght to enforce the pm.visions of 

the Easement in law and in equity, against all persons who violate the tenns of the instrument. 

No other person shall have a third-party right of enforcement of the terms of the Easement; 

10.) the District shall have the right to use the subsurface of the Easement Area so 

long as such use does not substantially or materially interfere with the Easement and the use of 

the Easement Area by those other parties authorized to use the same under the terms of this 

instrument; 

11.) except as herein limited, the grant of the Easement made herein shall include all 

such rights of ingress, egres~ and regress as shall be necessary to enjoy and to exercise such 

other rights to use the Easement Area as shall be conferred by such Easement. All persons 

entering upon the Easement Area under this grant shall confine themselves to the uses and 

purposes contemplated herein, and no trespassing or other uses shall be permitted by any user 

of the Easement, its employees, agents or contractors; 

12.) this Easement is perpetual. Its provisions shall be covenants running with the 

land; 

Notwithstanding any other provision of this instrument to the contrary, the itemized 

limitations Nos. "1" through" 12", recited above shall prevail over any other provision of this 

instrument in the event of a conflict. 

Whenever there is a reference in this instrument to a federal or state statute or 

regulation, the reference shall include all successor statutes and regulations. Whenever a 

regulatory agency is named in this instrument, the reference shall include any federal or state 

agency that succeeds to the authority of the named agency to enforce federal andlor state laws 

and regulations concerning wetlands. 

7 
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Each and every provision contained in this instrument is, and shall be construed as, a 

separate and independent provision. If any provision of this instrument should be held to be 

invalid or unenforceable, the validity and enforceability of the remaining provisions of this 

instrument to another person or circumstance shall not be affected thereby. 

Notwithstanding anything contained herein to the contrary, if at any tirrie~~and from 

time to time, the Easement Area is divided into two or more parcels by conveyance of 

ownership or by lease, all such parts shall enjoy the benefit of the Easement with respect to the 

Easement Area in the event of conflict. 

Whenever herein the singular number is used, the same shall include the plural, and 

words of any gender shall include each other gender. 

Notwithstanding anything contained herein to the contrary, it is recognized that because 

of events or circumstances not foreseen or anticipated by the District at the present time, it 

may be necessary for the District to amend or revise the Easement on occasion. Accordingly, 

the District may, from time to time, and at anytime, amend or otherwise revise the Easement 

and, pursuant to such right, may execute and record in the appropriate public records written 

instruments amending and revising the same. However, the right of the District to amend or 

revise the Easement shall not be exercised unless the revision or amendment is in furtherance 

of the purpose and object of the Easement and unless the amendment or revision is made 

subject to the terms and provisions of any applicable Memorandum of Agreement that may be 

in effect at the time of the amendment or revision. 

Failure or delay to in~ist by the District, or any other party having a right of 

enforcement herein, upon strict performance of anyone or more covenants, terms or 

conditions of this instrument or by law, shall not be deemed a waiver of any right to the 

District, or any other party having the right of enforcement herein, to insist on strict 

perfonnance hereof, or a waiver of any of its rights or remedies. The consent to or approval 

of the District of any act shall not be deemed to waive or render unnecessary consent to or 

approval of any subsequent similar act. 
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IN TESTIMONY OF WHICH this instrument has been executed on behalf of the 

Harris County Flood Control District by County Judge Jon Lindsay, pursuant to an Order of 

Commissioners Court so authorizing, on this the day of 

__________ , A.D., 199 __ 

APPROVED AS TO FORM: 

BY:~ C~ 
C. J 

STATE OF TEXAS 

COUNTY OF HARRIS 

HARRIS COUNTY FLOOD CONTROL DISTRICT 

By: 
T.JO~NUTLT~~~S·A'yT,7C~o~un~ty=rJ~ud~g~e--~----

Harris County, Texas 

This instrument was acknowledged before me on ____________ _ 

by Jon Lindsay, County Judge of Harris County and the presiding officer of the 

Commissioners Court of Harris County, Texas on behalf of the Commissioners Court of 

Harris County, Texas, as the governing body of the Harris County Flood Control District. 

document\jones\45054CE:bah 9 

NOTARY PUBLIC in and for 
the ST ATE OF TEXAS 



D. Preliminary Engineering 

In order to properly design the Greens Bayou Regional 
Detention and Wetland Mitigation Bank facility, a 
thorough investigation of the sites' existing 
conditions is necessary. R. G. Miller & Associates has 
been hired by the Harris County Flood Control District 
to coordinate with all appropriate agencies and provide 
information concerning all issues which might effect 
the future design of the project. These issues include 
existing pipelines, HL&P easements, the inactive 
Municipal utility District's onsite, archeological 
sites, drilling rights, the cattle lease, and site 
access. 

A complete understanding of the site's design 
constraints is critical to provide a successful 
project. The investigations are still being performed, 
but a summary of the findings to date has been attached 
for informational purposes. 
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GREENS/GARNERS BAYOU 
WETLAND MITIGATION BANK 

AND REGIONAL DETENTION FACILITY 

I. INTRODUCTION 

. 1 

Purpose and SCope 

The purpose of this report is to present results of field surveys, research, utility 
and pipeline investigations, as well as various engineering and environmental 
issues that will affect any future development of the 1455.45 acre tract of land 
adjacent to Sam Houston Tollway (Beltway 8) in Northeast Houston. Topics 
concerning both existing conditions and future recommendations will be 
discussed thoroughly in this report. 

The Scope of this report includes the following objectives: 

o Existing Conditions: Outline the findings of the various 
investigations performed during the preliminary phase. 

o Easements Information: Outline the recommendations relative 
to easement access along with a lists of contacts, procedures and 
requirements. Provide additional information on type of 
facilities within easements and probing amd staking process . 

o Base Map: Prepare a base map suitable for use as an overall 
layout sheet. Provide preliminary information concerning 

. easements with ownership, Municipal Utility Districts, 
archeological sites, limits of existing wetlands, and various other 
existing information. 
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n. DESCRIPTION OF EXISTING CONDmONS 

The information contained herein has been gathered through review of maps and 
drawings and discussions with representatives from various entities referred to 
in this report. 

'Nation and Description of Tract 

The subject tract of land ("the subject tract") is owned by the Harris County 
Flood Control District ("HCFCD"). It is comprised of approximately 1455.45 
acres situated in the Victor Blanco Five League Grant, N. Brady Survey and 
Jacob Karcher Survey in eastern Harris County, Texas. The tract is bounded by 
Sam Houston Tollway (or Beltway 8) ("the Tollway") to the north and by Union 
Pacific Railroad to the east and south. On the northwest, the tract is bounded 
by Garners Bayou. On the southwest, the tract is bounded by Greens Bayou. 

\ \ Accessibility to the subject tract is possible by the Tollway and Lockwood 
Road, which runs north and south to the property (see Exhibits A). 

The site primarily consists of moderate to heavily wooded areas, with some 
areas considered to be existing wetlands. 

Roadway and Railway 

As stated earlier, the subject property is bounded by the Tollway (Beltway 8) 
and Union Pacific Railroad with Lockwood Road intersecting the property. 

The existing paving conditions of Sam Houston Tollway are as follows: 
right-of-way with variable width. 
only the left and right frontage roads exists with the main lanes to be 
constructed in the future. 
bridge exists to pass over existing Union Pacific Railroad. 
work road that U-turns under the bridge exists at the intersection of the Sam 
Houston Tollway and the Union Pacific Railroad. 

The existing paving conditions of Lockwood Drive are as follows: 
80 feet wide right-of-way. 
pavement section consists of asphalt and open ditch section. 
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The existing conditions of the Union Pacific Railroad are as follows: 
100 feet wide right-of-way from southwest, along the subject project's 
property line until the intersection of Lockwood Drive. 
right-of-way becomes 150 feet to the northeast of Lockwood Drive. 

StonD Drainage System 

The subject tract is entirely within a drainage area that drains into Greens
Garners Bayou. The Tollroad contains a series of inlet systems and drainage 
sub-areas. A trunkline along the Tollroad outfails to the west into Garners 
Bayou and to the east into a series of HCFCD tributaries (p127-OO-OO and 
P127-D1-OO) that eventually outfalls to Greens Bayou. Therefore, the existing 
storm sewer system of the Tollroad is not a water source to feed wetlands 
creation and enhancement unless modifications are done to the existing storm 
sewer system. 

Pipe1ines 

United Term Transmitwn en, 10' Right-of-Way Easement dated October 20, 
1981 from Armco, Inc. to United Texas Transmission Company, recorded 
under Harris County Clerk's File No. H-226875 and Film Code No. 200-90-
2096 of the Official Public Records of Real Property of Harris County, Texas. 

Humhle Oil and Re,finjng Co , 30' Pipeline Easement dated January 17, 1964 
from N. C. Ginther, et al., to Humble Oil & Reflning Company, recorded in 
Volume 5388, Page 260 of the Deed Records of Harris County, Texas as 
defined and located by that certain instrument dated March 20, 1964, executed 
by Humble Oil & Refining Company and recorded in Volume 5457, Page 96 
of the Deed Records of Harris County, Texas. 

Term Eastern Transmission Corp , 30' Pipeline Easement dated April 12, 1956 
from Alexander Deussen, et al., to Texas Eastern Transmission Corporation, 
recorded in Volume 3166, Page 53 of the Deed Records of Harris County, 
Texas; Pipeline Right-of-Way from Texas National Bank of Commerce of 
Houston, Administrator to Texas Eastern Transmission Corporation, dated 
October 23, 1964, recorded in Volume 5749, Page 161 of the Deed Records of 
Harris County, Texas; Agreement modifying and locating the easements granted 
above dated August 21, 1967, between Lucile D. McRae, et al, and Texas 
Eastern Transmission Corporation recorded in Volume 8317, Page 159 of the 
Deed Records of Harris County, Texas. 
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Magnolia Petroleum Co (Mobil), Over and Through Easement dated May 28, 
1941 from East Texas Oil Company to Magnolia Petroleum Company, recorded 
in Volume 1215, Page 260 of the Deed Records of Harris County, Texas. 

Sindai.r Pipeline en (Arm), 50' Pipeline Easement dated March 28, 1957 from 
Alexander Deussen to Sinclair Pipe Line Company, recorded in Volume 3336, 
Page 593 of the Deed Records of Harris County, Texas, as corrected by 
Pipeline Easement dated August 22, 1957 from Alexander Deussen to Sinclair 
Pipe Line Company recorded in Volume 3389, Page 298 of the Deed Records 
of Harris County, Texas; Pipeline Easement dated September 9, 1964 from 
Texas National Bank of Commerce of Houston, Administrator to Sinclair Pipe 
Line Company, recorded in Volume 5678, Page 22 of the Deed Records of 
Harris County, Texas. 

\ \ Explorer Pipeline en , 20' Easement dated October 9, 1970 from Armco Steel 
Corporation to Explorer Pipeline Company, recorded under Harris County 
Clerk's file No. D-208332 and in Volume 8199, Page 82 of the Deed Records 
of Harris County, Texas. 

Houyton Pipeline en , 5' Easement recorded under Harris County Clerk's File 
No. L-316316 of the Official Public Records of Real Property of Harris 
County, Texas. 

Houston Pipeline Co , 5' Easement recorded under Harris County Clerk's File 
No. L-316317 of the Official Public Records of Real Property of Harris 
County, Texas. 

Houston Pipeline Co , 30'Easement recorded under Harris County Clerk's File 
No. L-316317 of the Official Public Records of Real Property of Harris 
County, Texas. 

Hm.ston, I.igbtiog & Power Co 

Houston Lighting & Power Co , Centerline of 3' x 40' guy wire Easement 
recorded under Harris County Clerk's File No. L-283219 of the Official Public 
Records of Real Property of Harris County, Texas. 
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Houston Lighting & Power Co , Right-of-Way Agreement dated March 25, 
1964 from N. C. Ginther, et al., to Houston Lighting & Power Company, 
recorded in Volume 5782, Page 353 of the Deed Records of Harris County, 
Texas; Right-of-Way Agreement dated December 14, 1964 from Texas National 
Bank of Commerce of Houston, Administrator, to Houston Lighting & Power 
Company, recorded in Volume 5782, Page 365 of the Deed Records of Harris 
County, Texas, (150' easement). 

Houston Lighting & Power co, Right-of-Way Deed dated January 31, 1927 
from East Texas Oil Company to Houston Lighting & Power Company recorded 
in Volume 655, Page 481 of the Deed Records of Harris County, Texas; Right
of-Way Deed dated January 31, 1927 from East Texas Oil Company to Houston 
Lighting & Power Company recorded in Volume 655, Page 512 of the Deed 
Records of Harris County, Texas, 80' easement (unrecorded) (includes 22' 
HL&P Co. easement). 

Houston Lighting & Power Co , 100' Easement dated August 27, 1980 from 
Armco, Inc. to Houston Lighting & Power Company, recorded under Harris 
County Clerk's File No. G-697764 and Film Code No. 167-98-1129 of the 
Official Public Records of Real Property of Harris County, Texas. 

Houston Ughti.ng & Power Co , 187' Easement dated May 23, 1947 from East 
Texas Oil Company to Houston Lighting & Power Company, recorded in 
Volume 1608, Page 430 of the Deed Records of Harris County, Texas (includes 
22' HL&P Co. Easement). 

Houston Lighting & Power Co , Right-of-Way Agreement dated July 21, 1971 
from Armco Steel Corporation to Houston Lighting & Power Company, 
recorded under Harris County Clerk's File No. D-430090 and Film Code No. 
134-37-2254, et seq., of the Official Public Records of Real Property of Harris 
County, Texas (45' x 25' Easement). 

Houston Lighting & power Co, Easement Agreement dated May 27, 1975 from 
Armco Steel Corporation to Houston Lighting & Power Company, recorded 
under Harris County Clerk's File No. E-481518 and Film Code No. 123-12-
0442 of the Official Public Records of Real Property of Harris County, Texas, 
centerline of pipeline easement (width undefined). 

-5-



\ \ 

Misce)lanemlS Utilities 

Southweftem Bell Telephone Co, 10' Recorded under Harris County Clerk's 
File No. J-754173 of the Official Public Records of Real Property of Harris 
County, Texas. 

Enter Gas Compa'o/, 28' easement shown on Entex maps 0192776 (5-22-91) 
and F1950782 (3-29-93). . 
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ID. CONTACTS, REQUIREMENTS AND LIMITATIONS OF EXISTING 
EASEMENTS 

A. United Texas Transmission Company Easement - currently known as Mid
Con (U1T) Texas Pipeline Company. Contact Mr. Paul Folse at (713) 963-
3176 to update the project's progress and to inform them of any proposed 
improvements. 

B. Humble Oil and Refining Co. Easement - pipeline is owned by: 

Texas Gas Corporation 
1301 McKinney, Suite 700 
Houston, Texas 77010 
Tel. No. (713) 951-3450 

C. Texas Eastern Transmission Corp. Easement - the pipeline is a liquid 
petroleum pipeline. Contact: 

Mr. Rodney Burke 
Texas Eastern Products Pipeline Company 
P. O. Box 2521 
Houston, Texas 77252-2521 
Tel No. (713) 759-3636 

File Reference: 350-10-332 
RlW 32 - Harris County, Texas 

D. Magnolia Petroleum Co. (Mobil) Over and Through Easement - Mobil Pipe 
Line Company owns and operates two (2) 8-3/8" O.D. high pressure pipelines. 
One line is in crude oil service, the other in refined products. Contact: 

Mr. Thomas E. Lucas 
Right-of-Way Representative 
Mobil Oil Corporation 
P. O. Box 670129 
Houston, Texas 77267-0129 
Tel. No. (713) 591-3715 

Contact construction office for depths and staking when ready at (713) 591-
3294. 
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E. Sinclair Pipeline Co. Easement - ARCa Pipe Line Company owns and 
operates a 20" welded steel, crude oil pipeline. For a more defInitive location 
and depth of this pipeline, please contact Mr. Dan Smith at 1-800-336-7032 
(Access Code 306575). 

F. Explorer Pipeline Co. Easement - A 28" pipeline is buried to a minimum depth 
of 36 inches and transports refIned petroleum products such as gasoline, jet 
fuel and No.2 fuel oil. This 28" pipeline-is the only pipeline that Explorer 
owns and operates on subject tract and Explorer has no other easements or 
pipelines on subject tract that have been abandoned. 

Contact for accurate line locating, staking and depth probing is: 

Mr. DeWayne Powell 
Houston Area Supervisor 
15003 Moore Road 
Route 25 
Houston, Texas 77049 
Tel. No. (713) 452-4361 

Forward a set of detailed plans for W. M. Bank to Craig Hilgendorf. Upon 
receipt of plans, Explorer's specifIc requirements will be determined. 

G. Houston Pipeline Co. Easement - No response to date has arrived from 
Houston Pipeline Company. 

H. Houston Lighting & Power Easement - Start of construction is not allowed 
until HL&P underground facilities have been located and staked. To stake 
underground facilities, call the UCC at (713) 223-4567 or 1-800-669-8344 at 
least 48 hours prior to starting excavation. 
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r. Southwestern Bell Telephone Co. Easement - The following are procedures 
necessary when there is a proposed project crossing any Southwestern Bell 
Telephone Co. easements: 

• Forward preliminary set of plans to Southwestern Bell Telephone 
Company coordinator. Coordinator will provide SWBT conduit plans 
and profIle drawings. 

• Call 1-800-669-8344 at least 48 hours in advance of sending field crew 
for the base line survey. (Be specific on the project location.) 

• SWBT will mark its existing facilities with orange paint and flags. 

• Your field party can survey the buried cable location using SWBT's 
orange marks on the ground. 

• Plot the exact location of SWBT facility on plan profile sheets. 

• Send final prints to appropriate SWBT Company coordinator to identify 
and resolve possible conflicts with your proposed facilities. 

• Project accomplished with minimum of delays. 

J. Entex - 6" I.P. St!. crosses under N. Belt and enters property approximately 
28' east of east side of HL & P Co. 100' R.O.W. It runs south of north 
property line approximately 62' then turns west changing to a 4" HPL for 
approximately SO' until it ends, (shown on Entex maps 0192776 (5-22-91) and 
F1950782 (3-29-93». 

The following are procedures necessary when there is a proposed project 
crossing any Entex easements: 

1. After you have added our facilities to your preliminary plans and have 
completed your design work, send us two (2) sets of those plans. 
Please show main lines only without service lines, fittings, or valves. 
Projects requiring new right-of-way should also submit two (2) sets of 
R.O.W. plans. 

Address to: Entex 
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2. 

Please include the following note on your plans: 

CAUTION: UNDERGROIIND GAS FACTLTTIFS 

Location of Entex main lines (to include Unit Gas Transmission, and/or 
Industrial Gas Supply Corporation where applicable) are shown in an 
approximate location only. Services lines are usually not shown. The 
contractor shall contact the Utility Coordinating Committee at 223-4567 
or 1-800-245-4545 a minimum of 48 hours prior to construction to have 
main and service lines field located. The contractor shall determine the 
exact location before commencing work and agree to be fully 
responsible for any damages caused by his failure to exactly locate and 
preserve these underground facilities. 

One set will be sent to our drafting department for checking to ensure 
that our gas lines are properly shown. Any facilities that were 
inadvertently left out or improperly shown will be marked in red on the 
plans. Any lines marked in green will signify facilities shown 
correctly. 

3. The plans will be sent to our field engineering department to obtain 
elevations of our facilities where necessary. Design bench mark, 
temporary bench mark, and horizontal control information is required 
to complete this phase. Please provide control information on a 
computer disk in ASC IT format (text file) if available. 

4. We will then transfer all information on the second set of plans and call 
you to come pick them up. We retain the first set of plans for our 
information. 

5. Where conflicts are anticipated between the proposed project and our 
facilities, it is beneficial to both parties involved if the conflicts can be 
resolved during the preliminary planning stage. 

6. After all design work is completed, you have made any necessary 
changes, and added our lines to the profile (where elevations were 
taken) you should make an appointment to have the plans signed. 
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IV. MUNICIPAL UTILITY DISTRICT 

Since the subject tract did not benefited previously from municipal water and sewer 
service, three (3) existing Municipal Utility Districts (MUDS) were formed to serve the 
subject tract. They are as follows: 

Beltway 8 MUD No. 1 

Beltway 8 MUD No.2 

Beltway 8 MUD No.3. 

\ \ Within each district, there are five (5) Director's Lots, which would total to fifteen (15) 
lots in all. Included are copies of the first page of the Special Warranty Deeds showing 

" the owners of the director's lots in the subject tract (see Appendix B). 

According to a memorandum dated June 25, 1993 (see Appendix B), HCFCD may request 
that the existing MUDS within the subject tract be dissolved if it is determined that their 
existence causes some interference with the planned uses of the property. Also indicated 
in the said memorandum, these MUDS are "financially dormant." In Appendix B please 
find copies of Texas Natural Resource Conservation Commission (TNRCC) rules and 
procedures for the dissolution of districts. If these guidelines are followed dissolution of 
the MUD can occur over a period of approximately two months. Also, the fee for filing 
an application for the dissolution of a water district is one hundred dollars ($100) per 
district plus the cost of each required notice. 

According to a memorandum dated July 19, 1993 (see Appendix B), at least one lot owner 
had conveyed his interest to Collecting Bank in 1992. 
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Directors' Lots - The following is a list of owners of the directors' lots within the subject 
tract taken from the copies of the Special Warranty Deeds in Appendix B: 

1. Dale McLeod 8. Vivian Charlene Summerlin 
16422 Heden Circle 4939 Saxon 
Spring, Texas 77379 Houston, Texas 77092 

2. Larry Fabian 9. MarkW. Adam 
4028 Branard 15815 Whipple Tree 
Houston, Texas 77027 Houston, Texas 77070 

. \ 
\ 

3. Russell Torian, Ir. 10. Douglas Gwin 
11419 Sunny Creek Drive 13630 Taylor Crest 
Houston, Texas 77066 Houston, Texas 77079 

4. Suzanne B. Martens 11. Daniel Earl Kolkhorst 
13714 Vickston Lane 14007 Baltrusol 
Houston, Texas 77014 Houston, Texas 77095 

5. Kathleen M. Phillips 12. Mervyn Barrow 
5430 Oriole 11822 Inga Lane 
Houston, Texas 77017 Houston, Texas 77064 

6. Herman Frank Haude 13. Stephen L. Woodring 
2727 Spring Stuebner 10215 Autumn Harvest Drive 
Spring, Texas 77389 Houston, Texas 77064 

7. William M. Cliff ton, ill 14. Katherine Shone 
16150 Golden Sands Drive 6444 Ella Lee Lane #4 
Houston, Texas 77095 Houston, Texas 77027 
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Recommedations 

Letters need to be sent to the Director's Lot owner for the purpose of acquiring contact. The 
owners may not realize that they still have ownership of the lots. 

, \ 
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VI. SUMMARY 

The concept of wetlands mitigation banking is increasingly 
being acknowledged as the best mechanism available to 
address the necessary impacts of construction in 
jurisdictional wetlands. The cost effectiveness, coupled 
with the accepted fact that large scale wetlands creation 
projects achieve a greater habitat value, make the wetlands 
mitigation banking alternative the best choice for all 
concerned. 

With the approaching signing of the Memorandum of 
Agreement, a new milestone will have been reached. Design 
and development of the bank will become the focus as the 
site is transformed into wetlands that will provide much 
more than just mitigation opportunities. Successful 
creation of the wetlands will also create quality wildlife 
habitat, open space and recreational opportunities, a 
stormwater cleansing system, flood protection as well as a 
prime example for future wetlands mitigation banks. 
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APPENDIX A 

TASK STATUS 

The following notes the status of each task funded by the TWDB's 
first $100,000 provided by the approved Water Research Grant. 

SERVICE PROVIDED WITH ORIGINAL ESTIMATED BUDGET 

I. HYDRAULICS AND HYDROLOGY FOR THE PRELIMINARY 
ENVIRONMENTAL AND ENGINEERING DESIGN ($18,000) 

A. Data Collection and Project Coordination 

B. Water Budget 

C. HEC-1 and HEC-2 Computer Model Update 

D. Alternative Detention Design 

E. Letter Report 

II. DATA GATHERING AND ASSESSMENTS FOR PRELIMINARY 
ENVIRONMENTAL ASSESSMENTS AND CONCEPTUAL DESIGN 
($20,000) 

A. Soil Data and Report 

B. Biological and Habitat Assessment 
and Report 

C. Water Budget and Report 

III. CONCEPTUAL DESIGN PHASE SERVICES FOR 
PRELIMINARY ENVIRONMENTAL ASSESSMENT AND 
CONCEPTUAL DESIGN ($35,000 OF TOTAL $65,000 
BUDGET WAS AUTHORIZED FOR THIS PHASE*) 

A. Establish Baseline 

B. Methodology and Conceptual Plans 

C. Site Master Plans 

D. MSC, MOA, Land Use Agreements 

PERCENT 
COMPLETE 

80% 

70% 

100% 

80% 

80% 

100% 

100% 

70% 

90% 

60% 

10% 

70% 

*The remainder of these services are to be provided in 
the second phase of these projects if the additional 
$100,000 grant is approved. 
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APPENDIX A 

TASK STATUS (CONT'D) 

IV. PRELIMINARY ENGINEERING DESIGN ($27,000) 

A. project Coordination 

B. Alternative water Sources 

C. Construction Phasing and Cost Estimates 

2/2 

50% 

70% 

20% 



III. A. Hydraulics and Hydrology 

B. Preliminary Environmental 
Assessment and Conceptual 
Design 

2b. Data Gathering and 
Assessment 

3. Conceptual Design 
Phase Services 

D. Preliminary Engineering 
Design 

1. Project Management 

3. secondary Water Sources 

5. Cost Estimates 

IV. A. Monitoring Wetlands Growth 

B. Analysis Credit Value 

REV· l 
SCHEDULE O. jERVICES 

ANTICIPATED TO BE FUNDED BY THE 
TEXAS WATER DEVELOPMENT BOARD 

APRIL SEPT. JAN. SEPT. 
1994 1994 1995 1995 

M J J A ION D I F M A M J J A I 
_1_1_1_1- _1_1_1 __ 1_1_1_1_1_1_1 __ _ 

$18,000 

$20,000 

$65,000 

$10,000 

$7,000 

$10,000 

$25,000 
1------> 

$45,000 

PLEASE NOTE THIS SCHEDULE IS TENTATIVE AND IS BEING EXPEDITED WHEN POSSIBLE. 
94CR0013.DOC 

-~f27/95 
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t>j 
Z 

" H 
:x: 
tll 



APPENDIX C 

CORRESPONDENCE BETWEEN 

THE HARRIS COUNTY FLOOD CONTROL DISTRICT 

AND THE 

TEXAS WATER DEVELOPMENT BOARD 



TEXAS WATER DEVELOPl\lENT BOARD 

Charles W. Jenness. Cnoinnon 
William B. Madden. M(mkr 
Di3ne E. Umstead. M(mkr 

Mr. Arthur L. Storey, Jr. 
Executive Director 
Harris County Flood Control District 
9900 Northwest Freeway 
Houston, Texas 77092 

Dear Mr. Storey: 

. -Cra-ig D. Pedersen. 
Exictl~ Administrotor 

i·· . 
March 18, 1994 

Wesley E. Pittman. Via Cnoinnon 
Noe Fernandez. JI(mkr 

Elaine M. Barr6n. M.D .• lt{(mkr 

Re: Texas Water Development Board's Consideration of an Unsolicited Water Research 
Grant Application 

I am pleased to inform you that the Texas Water Development Board (Board), at its March 17, 
1994 meeting, approved negotiation and execution of a water research grant contract with the 
Harris County Flood Control District in an amount not to exceed $100,000. This grant 
approval is contingent upon the following condition: 

1) The District will obtain review and approval of the project scope of work and budget 
from the District's Mitigation Bank Review Team. 

The Board's staff looks forward to working with you on this project. Mr. Gordon Thorn, the 
Board's designated Contract Manager for this project, will be in contact with you concerning 
the execution of a contract to cover the study. Please contact Mr. Thorn at (512) 463-7979 if 
you have any questions. 

cc: The Honorable RodeeY;tllil-l C;;> ",'i)1 (". 

The Honorable Don t:rende~orr v <.j '" .v 
The Honorable Can, Parker .. _ 
The Honorable JeiT}ti~~tter's6n _ -
The Honorable Dan SheUe-y --
The Honorable John Whitmire Our .llission 

~66*160 
I.J 
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P.O. Box 13231 • 1700 N. Congress Avenue· Austin, Texas 78711-3231 
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HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur l. Storey, Jr., P. E. 
Executive Director 

March 9, 1994 

Ms. Carolyn Brittin 
section Chief 
Regional Planning & Projects 
Texas water Development Board 
Room 448C 
1700 North Congress Avenue 
Austin, Texas 78701 

Re: Water Research Application 

Dear Ms. Brittin: 

Attached is a Water Research Application for a 
in the amount of $200,000, for assistance 
wetlands mitigation bank in Harris County. 

grant request 
in funding a 

Thank you for your assistance. If you have any questions, 
please call me at 713/684-4000. 

Sincerely, 

~~~K~)~ 
a~~g~~ 1 

Environmental Services 

JMK:AF:af 

cc: E. C. Kobs 
Colleen O'Brien 
Bill Lenhart 

9900 NORTHWEST FREEWAY, SUITE 220, HOUSTON, TEXAS 77092 713-684-4000 



TEXAS WATER DEVELOPMENT BOARD 

WATER RESEARCH 
APPLICATION 

Applicant's Legal Name and Address: 

Harris County Flood Control District 
9900 Northwest FreewaYL Suite 212 

Houston, Texas 77092 

Applicant's Executive Director: 

Arthur L. Storey, Jr., P.E. 

1. Is this application in response to a published Request 
for Proposals (RFP)? 

No. 

2. What research topics will the project include? 

A. 
B. 
C. 
D. 

Wetlands creation 
Credit Assessment Methodology 
Water Quality Enhancement and Assessment 
Alternative Flood Protection Through 
Detention and Flood Attenuation by 
Wetlands. 

Regional 
Created 

3. Brief description of research proposal. 

Through the development of the first public wetlands 
mitigation bank in Texas, this project will: 

A. Demonstrate the viability of the concept of 
mitigation banking as a more cost effective and 
meaningful method of mitigating wetland impacts 
effectively fulfilling the spirit of the law in 
achieving no net loss of the nation's wetland 
resources. 

B. Devise and achieve approval of a more accurate 
methodology for calculating the value of impacted 
and created wetlands for the purpose of mitigation 
banking. 

C. Develop 
created 
quality 

baseline of water quality entering the 
wetlands and quantify the enhanced water 
of the affluent passing through them. 

D. Access the hydrological interaction of an 
excavated detention basin and contiguous wetland 
system and the resultant flood attenuation. 

1/4 



4. site(s) of proposed project: 

Specific site of the mitigation bank is contiguous and 
north of the confluence of Greens and Garners Bayous. 
The project is designed to mitigate impacts to a 
variety of wetland type throughout Harris County, a 
total of 1740 square miles. 

5. Attachments: 

A. See attached resumes of principals, potential 
subcontractors, and principal investigators 
(including names, addresses and phone numbers) and 
a summary of pertinent experience of proposing 
organization. 

B. See Attached Schedule of Services 
C. See Attached Scope of Services and Task Budget 

6. Describe the plans for: 

A. Implementing research results: 

Once the research is complete, the results will 
become a part of the memorandum of agreement with 
the EPA et al for implementation of this precedent 
setting public mitigation bank in Harris County, 
Texas. This will result in an adoption of the 
improved methodology for wetlands creation, 
habitat assessment for all subsequent mitigation 
banks in the region, and better utilization of 
created wetlands for water quality enhancement. 
The results will be published in all relevant 
professional journals as being adopted by the 
interagency team responsible for approval of all 
wetland mitigation banks in the Galveston District 
of the Corps of Engineers. 

In addition, the results of the research will be 
implemented by the significant construction 
expenditures made by HCFCO to implement the 
research influenced construction design. 

B. Identification and involvement of potential users: 

Potential users include all public and private 
entities in Texas whose activities will have 
potential impacts on jurisdictional wetlands. 
These include the TWOB with the Trans Texas 
P ipel ine, the TxOOT, Metro, Harris County, the 
city of Houston and other political subdivisions. 

2/4 



7. Total Project Cost: $4,708,801 

The amounts and source of the local matching funds and 
services, and the total amount requested from the 
research and planning fund: 
Local Cash $~4~,~7~0~8~,~8~0~1~~~~~~~~~~~ 
Local In-kind Services $_-:-~N'-'-L-I"",A,--_____ _ 
Total Requested from TWDB $-=2~0~0~,~0~0~0~~ ____ _ 

8. Why is this research needed? 

Through this research, significantly improved 
methodologies will result for (a) the creation of 
wetlands in specif ic habitat types, (b) for assessing 
the value of both impacted and created wetlands 
involved in the 404 mitigation process whose regulation 
has huge financial impact on the ability of both public 
and private entities to accomplish projects for the 
public good, (c) interactive design for combinative 
regional detention and wetlands creation, and (d) 
utilization of wetlands for enhancing runoff water 
quality. 

9. Does the proposed research project duplicate previously 
completed or on-going research? 

No. 

10. If you are a corporation organized under the Texas 
Business corporation Act, Article 1.01 et seq., attach 
proof that the corporation is not delinquent in a tax 
owed the state under the Tax Code, Chapter 171. 

Not applicable. 

11. Are you or any of your immediately family employed by 
the Texas Water Development Board? 

12. 

No. 

What products (reports, plans, or other 
the Board receive, as a result of 
project? 

products) will 
this research 

Final project report, credit for funding research in 
all professional journals publishing results, 
replicable methodologies for establishing, assessing, 
and use for mitigation banking of created, restored and 
enhanced wetlands. 

3/4 



13. What are suggested monitoring procedures? 

There will be extensive monitoring and public review of 
this project at frequent intervals. 

concerning a steering committee to oversee the grant 
contract, this requirement is fulfilled by the 
authority of the Mitigation Banking Review Team and 
Harris County Commissioners Court, the governing body 
of HCFCD. 

concerning a Technical Advisorv Committee to review the 
project during implementation, this requirement is 
fulfilled, once again, through the MBRT and through the 
Special Area Management Plan Committee for wetlands in 
Harris County. This ad hoc committee is made up of 
members of the private and public sectors and has been 
an active committee concerned with this mitigation bank 
since 1992. (See attached letter to Commissioners 
Court dated July 30, 1992.) 

concerning public comment and review, this requirement 
is fulfilled in at least two ways: 

The Harris County Flood Control Task Force is an 
advisory committee, established by Commissioners Court, 
made up of a broad spectrum of community groups, 
specifically including those focused on environmental 
matters, that meets periodically to review and comment 
on HCFCD projects and public interests. This committee 
was appointed to serve as another link between 
Commissioners Court and the public. 

HCFCD holds regular, open public meetings for the 
purpose of updating projects on a watershed by 
watershed basis that offers frequent opportunities for 
comment and review by the general public. Since their 
inception, these meetings have been well attended by 
between 50 and 100 persons each month. 

In conclusion, the process for developing a wetlands 
mitigation bank approved by the Corps of Engineers 
incorporates a built-in stringent review by state and 
federal agencies throughout the endeavor. As a 
public agency, HCFCD adheres to a policy of openness 
and inclusiveness. 

In addition, monthly and quarterly progress reports 
will be made to the TWDB. 

94JMK010 
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SCOPE OF SERVICES 

The Flood Control District has identified the following services which are believed 

to be necessary to create and maintain the 1450-acre Garner's Bayou Wetland 

Mitigation Bank and Detention Facility proposed to be located at the southeast 

quadrant of the Garners Bayou and Greens Bayou confluence. 

Please note that all costs shown within parentheses have already been expended by 

the Harris County Flood Control District (HCFCD), and are not eligible for grant 

consideration. These costs are being provided for informational purposes only. 

Anticipated Funder 
Service TWDB HCFCD 

- I. Land Acquisition: 

A. Tarquin Tract (224 AC.) 

B. FDIC Tract (1232 Ac.) 

II. Preliminary Site Investigations: 

A. Cultural Resource Investigation 

1. Secure a Texas Antiquities Permit 
from the Texas Antiquities Committee 
for the detention site tract survey. 

2. Determine, by reference to the State 
of Texas archeological site files at 
the Texas Archeological Research 
Laboratory at the University of 
Texas at Austin, if there are any 
previously recorded archeological 
sites within the project area. 

3. Conduct brief historical and 
geological background data studies 
of the proposed project region. 

4. Locate through field survey any 
previously unrecorded archeological 
features or sites in the project 
area. 

($497,050) 

($2,783,292) 

($30,331) 



Service 

5. Prepare 
for the 

a report of investigations 
site for review by the TAC 

and HCFCD; 

B. Phase I Environmental Assessment 

1. Review site maps and data consisting 
of an in-office review of a Land 
Title Survey map prepared by G. P. 
Surveyors, Inc. of Houston, Texas; a 
USGS 7.5 minute Topographic 
Quadrangle map; and a Regional Oil 
and Gas Survey map published by 
Tobin Research, Inc. of San Antonio, 
Texas and an SCS 1984 map of 
Principal Active Faults in the 
Houston area. 

2. Review regulatory agency site 
listings to determine the proximity 
of documented regulatory sites to 
the tract being investigated. 

3. Evaluate the impact of the regulatory 
agency site listings which may 
store, transport, generate, or 
dispose waste material within a one 
(1) mile radius of the site. 

4. Review the regional survey data from 
the Texas Railroad Commission to 
determine if current or past oil and 
gas exploration or production 
activities had taken place on the 
subject property and evaluated the 
potential impact. 

5. Review of 
photography 

historical 
is to be 

aerial 
made to 

investigate surface anomalies 
indicative of possible fill areas, 
oil and gas exploration activities 
and industrial development. 
Photographic coverage is to be 
obtained from local aerial survey 
firms. 

6. Review of a fifty (50) year chain of 
Title is to be conducted to 
investigate the previous ownership 
of the subject property. This title 
search was prepared by AmeriTitle 
Abstract and Research, Inc. of 

-2-

Anticipated Funder 
TWDB HCFCD 

($24,060) 



Service 

Houston, 
previous 
property 

Texas to 
title 

determine if 
holders of 

were determined to 

any 
the 

be 
engaged in 
which would 

a business 
possibly 

or activity 
contribute to 

contamination of the site. 

7. Conduct site reconnaissance with 
multiple site visits and surveys 
including comprehensive walking 
observations and a general overview 
of adjacent tracts. 

8. Prepare a report of the investigation 
results for the site for review by 
HCFCD and all appropriate agencies. 

C. Wetlands Analysis and Delineation 

1. Review geologic and soil conditions 
for the site including review of the 
Soil Conservation Survey soil maps. 

2. Review the FEMA flood plain maps. 

3. Interpretation of historical 
current aerial photography. 

and 

4. Perform site reconnaissance to test 
and evaluate hydric soil conditions. 

S. Perform site reconnaissance 
identify vegetation indicators. 

to 

6. Perform site reconnaissance to 
identify and evaluate topographical 
and hydrological characteristics. 

7. Prepare a report of the investigation 
results for the site for review by 
HCFCD and the corps of Engineers. 

D. Threatened or Endangered Species 
Investigation 

1. Conduct a survey of the listed 
federally protected and endangered 
species to determine if any of the 
species may inhabit the subject 
tract. 

-3-

Anticipated Funder 
TWDB HCFCD 

(S14,03S) 

(S2,OOS) 



Service 

2. Prepare a report 
results for the 
HCFCD and any 
agency. 

of the investigation 
site for review by 
other appropriate 

III. Preliminary Environmental and Engineering Design 

A. Hydraulics and Hydrology 

1. 

. -~ 
/ 2. 

3. 

4. 

50"'7-::. 
5. 

Collect and review available data 
concerning the site including 
property boundary maps, proposed 
layouts and grading plans, existing 
HEC-l and HEC-2 models of the Greens 
Bayou Watershed, previous 
engineering studies, aerial 
photographs, and topographic maps. 
Meet with HCFCD as necessary to 
discuss the results of the data 
collection effort and to plan the 
completion of the analysis . 

Meet with environmental consultant 
and with HCFCD representatives as 
needed to discuss the water supply 
requirements of the wetlands banking 
area. Supply p~liminary 

information required to plan 
wetlands design and define the 
concept of the wetlands area. 

Perform appropriate hydrologic 
analyses to determine the available 
sources of water supply for these 
wetlands areas and incorporate this 
information into the HEC-1 and HEC-2 
models. 

Update the Greens Bayou HEC-1 aIOd 
HEC-2 computer models to reflect 
current conditions and estimate peak 
flow rates and water surface 
elevations. I Review ~ous 

detention alternatives to determine 
the maximum benefit design for flood 
protection. 

Prepare a letter report summarizin9\ 
the recommended methods of water \ , 
supply for the wetlands area. ' 

/ 

-4-

Anticipated Funder 
TWDB HCFCD 

$18,000 ($57,640) 

/ 



Service 

B. Preliminary Environmental Assessment and 
conceptual Design 

1. Preliminary Design and Data Gathering 

Attend preliminary design meetings 
with HCFCD and MBRT to determine 
appropriate 
methodology 
services. 

project assessment 
and preliminary phase 

2. Preliminary Phase Services 

a. Project Management 

1) Attend meetings with HCFCD, 
Corps of Engineers, 
Mitigation Banking Review 
Team (MBRT), other relevant 
agencies and other 

2 ) 

consultants, 
required 
material. 

and prepare 
presentations 

Coordinate with surveyor to 
verify topo
and pipeline 

with 
flag 

existing 
wetland 

correlate and 
graphic data 
survey data 
wetlands and 
boundary adjacent to 
detention basin. 

3) Prepare terrain and contour 
maps and models using survey 
and aerial data. 

b. Data Gathering and Assessments 

1) Provide comprehensive soil 
taxonomy, soil map and 
permeabilities for project 
area, test borings and 
monitoring of groundwater 
depths, and compile a 
detailed soil analysis 
report. 

-5-

Anticipated Funder 
TWDB HCFCD 

($11,588) 

(SI0,000) 

$20,000 ($55,000) 



Anticipated Funder 
Service TWOB HCFCD 

2) Determine and recommend 
methodology for wetland 
creation and/or enhancement 
including minimum success 
criteria, provide onsite bio
logical and habitat assess-
ment , and prepare 
report including 
recommendations. 

assessment 
maps and 

3) Review and analyze hydrology 
characteristics for water 
budget provided by other 
consultants and apply to 
wetland design, determine 
secondary water source for 
enhancement, and prepare a 
wetland hydrology and water 
budget report. 

3. Conceptual Design Phase Services 

a. Establ ish baseline functions and 
values for wetland mitigation 
bank. Compile data and evaluate 
wetland characteristics (soil, 
topography, biological and water 
budget) to establish baseline 
functions and values. 

b. Establish methodology for wetland 
creation/enhancement using mini
mum success criteria, categorize 
creation/enhancement areas for 
maximum banking credits, and 
prepare conceptual plan for 
wetland creation/enhancement to 
be rev iewed and approved by the 
Flood Control District. 

c. Prepare a Site Master plan which 
includes the conceptual plan for 
wetland creation/enhancement and 
preliminary layouts of the seven 
subdivisions of the proposed bank 
which are to be reviewed and 
approved by the Flood Control 
District. 

-6-

$65,000 



Anticipated Funder 
Service TWOB HCFCD 

d. Determine minimum success 
criteria for wetland creation/ 
enhancement and prepare necessary 
documents to obtain a Memorandum 
of Agreement between the HCFCD 
and the Corps of Engineers. This 
is to include the required land 
use agreements. 

C. Surveying support 

1. 

2. 

Flag and delineate key existing wet
land boundaries. 

Perform aerial photography of 
approximately 1600 acres with 22 
control panel points at critical 
locations. Planimetric features are 
to be visible on the photography and 
sufficient elevation information is 
to be captured to provide one (1) 

foot contours at a scale of 1"=500'. 

3. Prepare metes and bounds descriptions 
of the seven subdivisions of the site 
for exhibits to the required Land 
Use Agreement between HCFCD and the 
Corps of Engineers, as a condition 
of the Memorandum of Agreement for 
the creation of the Garners Bayou 
Wetlands Mitigation Bank. 

4. Locate and flag the required test 
plots within each wetlands 
subdivision. Assume 20 plots will 
be required. These test plots are 
to be used to monitor wetlands 
creation/enhancement to establish 
and increase credits in the wetlands 
mitigation bank. 

D. Preliminary Engineering Design 

Provide project 
attend meetings 

coordination 
with HCFCD, 

and 
COE, 

MBRT, and other relevant agencies to 
discuss the requirements of the 
wetlands banking design and the 
associated detention facilities. 

2. Develop conceptual grading plans, for 
each wetlands subdivision within the 
site, in accordance with preliminary 

-7-

$6,000 

$39,300 

$10,600 

$40,000 

$87,500 

$10,000 



Service 

wetlands mitigation requirements and 
HCFCD design criteria. Include 
typical plan view and cross section 
exhibits. 

3. Investigate alternative water sources 
to feed wetlands creation and 
enhancement. 

4. Coordinate with appropriate agencies 
for their design considerations 
including the pipeline companies, 
Harris County Toll Road Authority, 
TxDOT, etc., and incorporate their 
criteria into the preliminary 
design. 

5. Review access criteria for the 
various pipeline easements, and to 
the required test plots within each 
wetlands subdivision. Establish 
preliminary locations for possible 
bridges, culvert crossings, and 
walkways. 

6. Establish a conceptual construction 
phasing sequence and prepare 
preliminary cost estimates for the 
creation of each wetlands 
subdivision. 

7. Prepare a preliminary 
report summarizing all 
recommendations. 

engineering 
findings and 

IV. Design Phase Services: 

A. Mitigation Plans 

1. Preparation 
notes for 
subdivisions 
site. 

of mitigation plan and 
each of the wetlands 

proposed within the 

2. Coordinate with appropriate agencies 
including Texas Parks & Wildlife, 
U.S. Fish & Wildlife; U.S. Corps of 
Engineers; 
Agency; and 
Office. 

Environmental Protection 
the Texas General Land 

-8-
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$7,000 

$10,000 

$105,000 



v. 

Service 

B. Engineering Plans: 

1. Preparation of engineering construc
tion plans and specifications for 
each wetlands subdivision. 

2. Preparation of plans to comply with 
EPA's NPDES criteria. 

3. Provide geotechnical investigation 
information as required to support 
engineering design. 

4. Incorporate 
archeological 
plans. 

preservation 
sites into 

of the 
the design 

C. Permit Submittals and Approvals: 

1. Submit mitigation and 
plans to all necessary 
proper permitting. 

engineering 
agencies for 

2. Meet with these permitting agencies 
and address their concerns as 
necessary to obtain permits. 

construction Phase Services: 

A. Preparation of the construction package 
for each wetlands subdivision. 

B. Attend and assist the HCFCD in the prebid 
and the preconstruct ion conferences. 
Prepare and submit to the District 
written addenda which may be necessary. 

C. Review shop and working drawings 
furnished by contractors for compliance 
with design concepts and specifications 
and with the information given in the 
contract documents. 

D. Make periodic visits to become familiar 
with the progress and quality of the work 
and to determine if the work is 
proceeding in accordance with the 
contract documents. After each visit, 
the Engineer shall prepare and submit to 
the HCFCD a written report of his 
observations. 

-9-

Anticipated Funder 
TWDB HCFCD 

$223,000 

$25,200 

$102,200 



VI. 

Service 

E. Consult with and advise the HCFCD during 
construction. Review change in contracts 
as requested by the HCFCD. 

F. Participate in company with the HCFCD, in 
a final inspection of the Project. 

G. Prepare and deliver to the HCFCD a set of 
reproducible record drawings showing as
built conditions based on field surveys 
and those changes made during the 
construction period based on changes in 
contract and information supplied by the 
HCFCD. 

Miscellaneous Services: 

A. 

B. 

Wetlands Growth: Periodically reassess 
the site test plots to evaluate the gains 
in function and values and coordinate 
with the U.S. Corps of 
establish credits in 
Mitigation Bank. 

Perform 
establish 

detailed economic 
the value of 

mitigation banking credits. 

Engineers to 
the Wetlands 

analysis to 
the wetland 

C. Provide site security as needed to 
maintain integrity of the site. 

D. Provide maintenance services as needed 
over the next 10 years. 

GRAND TOTAL 

Anticipated Funder 
TWDB HCFCD 

$25,000 

$45,000 

TWDB 

$200,000 

$585,000 

HCFCD 

($3,485,001) 
$1,223,800* 

*Please note that these estimated costs for the creation of the Garners Bayou 
Wetlands Mitigation Bank do not include construction cost as there is not enough 
information to estimate it at this time. 

94CROO 12. DOC 
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III. A. Hydraulics and Hydrology 

B. Preliminary Environmental 
Assessment and conceptual 
Design 

2b. Data Gathering and 
Assessment 

3. Conceptual Design 
Phase Services 

D. preliminary Engineering 
Design 

1. project Management 

3. Secondary Water Sources 

5. Cost Estimates 

IV. A. Monitoring Wetlands Growth 

B. Analysis Credit Value 

SCHEDULE OF SERVICES 
ANTICIPATED TO BE FUNDED BY THE 

TEXAS WATER DEVELOPMENT BOARD 

APRIL SEPT. JAN. SEPT. 
1994 1994 1995 1995 

M J J A ION D I F M A M J J A I 
_1_1_1_1- _1_1_1 __ 1_1_1_1_1_.1_1. __ _ 
$18,000 

$20,000 

$65,000 
~---~--------~ 

$10,000 

$7,000 

1 

$10,000 

$25,000 
~---------~ 

$45,000 

PLEASE NOTE THIS SCHEDULE IS TENTATIVE AND IS BEING EXPEDITED WHEN POSSIBLE. 

94CR0013.00C 



HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur L. Storey, Jr., P. E. 
Executive Director 

August 29, 1994 

Mr. Craig D. Pedersen 
Executive Administrator 
Texas Water Development Board 
1700 N. Congress Avenue 
Austin, Texas 78711-3231 

CERTIFIED MAIL #9112969 
RETURN RECEIPT REQUESTED 

Attention: Regional Planning and Projects Section 

Reference: Agreement for a Water Resources Grant with 
the Texas Water Development Board in Connection 
with the Creation of a Wetlands Mitigation Bank 

Gentlemen: 

Please find enclosed two (2) fully executed originals of the 
above referenced agreement between the Texas Water 
Development Board and the Harris County Flood Control 
District. This agreement is being transmitted for your use 
and files. 

Should you require any additional information, please contact 
this office. 

Sincerely, 

Catherine A. Elliott 
Engineering Contracts 

'cr 
Enclosure: Agreement (2) 

cc: Contract File 

94CAE155 • DOC 
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HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur L. Storey, Jr., P. E. 
Executive Director 

August 11, 1994 

commissioners Court 
Administration Building 
Houston, Texas 77002 

Reference: Authorization to Execute an Agreement for a 
Water Resource Grant with the Texas Water 
Development Board in connection with the 
creation of a Wetlands Mitigation Bank. 

Harris County Flood Control unit P500-03-00 
Key Map Pages 376-X,Y and 416 A,B,C,F 
Harris County Precinct 4 

Dear Court Members: 

It is recommended that County Judge Jon 
authorized to execute the attached Agreement 
Resource Grant with the Texas Water Development 

Lindsay be 
for a Water 
Board. 

The purpose of this agreement is to allow the District to be 
reimbursed for a portion ($100,000.00) of the funds spent 
during the initial phase of creating a Wetlands Mitigation 
Bank. The project is located on Key Map Pages 376-X,Y and 
416-A,B,C,F. 

Commissioners Court approved the application for this grant 
on December 7, 1993. The Agreement has been reviewed by the 
County Attorney and is ready for signature. 

No funds are required by the District. 

ALS:CAE:cr 
Attachment: Agreements 

cc: County Auditor 

94CAE145.DOC 
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If for any reason the District is unable to complete the work program called for under the 

terms of this Contract on or before September 30, 1994 and is unable to deliver the FY94 Interim 

Report on or before September 30, 1994, the District and the Board hereby agree to consider 

negotiating an extension of the Contract period; however, the Board will not be liable for more than 

$100,000 for the entire Contract. The Board must, however, be notified in writing ten (10) working 

days prior to the date for completion of the work program or thirty (30) days prior to the date for 

submittal of the FY94 Interim Report that the District will be requesting renegotiation. 

III. PROGRESS MONITORING PROCEDURES 

A progress report, including results to date, will be provided to the Board on a quarterly 

basis throughout the project. Special interim reports on special topics and (or) results will be 

provided as appropriate. 

IV. COMPENSATION AND REIMBURSEMENT 

The Board, for and in consideration of the obligations and responsibilities undertaken by the 

District, hereby agrees to compensate and reimburse the District, in a total amount not to exceed 

$100,000, upon the submission of invoices and a State of Texas Purchase Voucher representing 

all costs incurred and paid by the District pursuant to performance of this Contract. However, the 

Board will not reimburse the District for indirect costs associated with this project. 

A. Reimbursement to the District shall be made in accordance with Attachment B, the 

approved task and expense budgets, with the Board contributing 2.1 percent or not to exceed 

$100,000 of the total project cost, in the form of cash. 

At the discretion of the Board and upon written memorandum to the contract file, 

budget flexibility within expense categories shall be allowed to the extent that the resulting total by 

anyone category does not exceed one hundred ten percent (110%) of the original budgeted 
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HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur L. Storey, Jr., P. E. 
Executive Director 

August 11, 1994 

commissioners Court 
Administration Building 
Houston, Texas 77002 

Reference: Authorization to Execute an Agreement for a 
Water Resource Grant with the Texas Water 
Development Board in connection with the 
creation of a Wetlands Mitigation Bank. 

Harris County Flood Control unit P500-03-00 
Key Map Pages 376-X,Y and 416 A,B,C,F 
Harris County Precinct 4 

Dear Court Members: 

It is recommended that County Judge Jon 
authorized to execute the attached Agreement 
Resource Grant with the Texas Water Development 

Lindsay be 
for a Water 
Board. 

The purpose of this agreement is to allow the District to be 
reimbursed for a portion ($100,000.00) of the funds spent 
during the initial phase of creating a Wetlands Mitigation 
Bank. The project is located on Key Map Pages 376-X,Y and 
416-A,B,C,F. 

commissioners Court approved the application for this grant 
on December 7, 1993. The Agreement has been reviewed by the 
County Attorney and is ready for signature. 

No funds are required by the District. 

ALS:CAE:cr 
Attachment: Agreements 

cc: County Auditor 

94CAE 1 4S.00C 

PRESENTED TO 
COmmissioners Court 

O@to. ~AUG 1 ti 1994-
~~rQQd VOI. __ Paae 

9900 NORTHWEST FREEWAY. SUITE 220. HOUSTON. TEXAS 77092 713-684-4000 
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TWOB Contract No. 

STATE OF TEXAS 

COUNTY OF TRAVIS 

Texas Water Development Board 
and 

Harris County Flood Control District 

WHEREAS, Harris County Flood Control District, Houston, Texas, hereinafter termed the 

District, applied to the Texas Water Development Board, Austin, Texas, hereinafter termed the 

Board, for a water research grant to develop a wetlands mitigation banking study; 

WHEREAS, the District is the entity who will act as administrator of the Board's research 

grant and will be responsible for the execution of this Contract; 

WHEREAS, the Mitigation Banking Review Team is comprised of the U.S. Army Corps of 

Engineers, the U.S. Environmental Protection Agency, the U.S. Fish and Wildlife Service, the 

National Marine Fisheries Service, the Texas Parks and Wildlife Department, the Texas General 

Land Office, and the Texas Natural Resource Conservation Commission, hereinafter termed the 

MBRT; 

WHEREAS, the District has agreed to obtain review and approval of the scope of work and 

budget from the MBRT for those services which are proposed to be reimbursed by the Texas 

Water Development Board;; 

WHEREAS, the District has agreed that the study will be coordinated, monitored, and 

reviewed by the MBRT, the Harris County Commissioners Court, the Harris County Flood Control 

Task Force, and the Special Area Management Plan Committee for Wetlands in Harris County; 

WHEREAS, on March 17, 1994, the Board approved the District's application for financial 

assistance in funding the FY94 portion of the research; 

NOW, THEREFORE, the Board and the District, for tlhe mutual consideration stated, agree 

and understand as follows: 

WITNESSETH: 



I. PROJECT DESCRIPTION AND SERVICES TO BE PERFORMED BY THE DISTRICT 

As a jOint and cooperative undertaking with the Board, the District will conduct the research 

project as set forth in Attachment A, the approved research proposal submitted by the District, 

which is made a permanent part of this contract, except that Board compensation and 

reimbursement under this contract shall be limited to those tasks listed in Attachment B, the Task 

Budget. 

Services and activities provided under this contract shall be in strict accordance with 

requirements of the Texas Water Code, Chapter 15; associated rules of 31 Texas Administrative 

Code, Chapter 355, Sections 355.1-355.11; Attachment A; Attachment B; and with the following 

procedures and project descriptions: 

1. Scope of Work, as described in Attachment A, subject to the review and approval of 

the MBRT, and with Board compensation and reimbursement under this contact 

limited to those tasks listed in Attachment B, the Task Budget. 

2. Interim Report - The District will submit two (2) copies of a FY94 Interim Report and 

a camera ready copy of all multicolor figures to the Board for review and comment 

after completion of those tasks listed in Attachment B, the Task Budget. 

II. PROJECT SCHEDULE AND REPORTS 

The term of this Contract shall begin and the District shall begin performing its obligations 

hereunder on March 17, 1994. The District shall complete the work program stated in Article I, 

above, no later than September 30, 1994, unless such date is extended as provided below, at 

which time the District shall deliver two (2) copies of the FY94 Interim Report and a camera ready 

copy of all multicolor figures. Deadlines may be extended only in writing by the Board. Delivery of 

an acceptable FY94 Interim Report and a camera ready copy of all multicolor figures prior to 

September 30, 1994, shall constitute completion of the terms of the Contract. 
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If for any reason the District is unable to complete the work program called for under the 

terms of this Contract on or before September 30, 1994 and is unable to deliver the FY94 Interim 

Report on or before September 30, 1994, the District and the Board hereby agree to consider 

negotiating an extension of the Contract period; however, the Board will not be liable for more than 

$100,000 for the entire Contract. The Board must, however, be notified in writing ten (10) working 

days prior to the date for completion of the work program or thirty (30) days prior to the date for 

submittal of the FY94 Interim Report that the District will be requesting renegotiation. 

III. PROGRESS MONITORING PROCEDURES 

A progress report, including results to date, will be provided to the Board on a quarterly 

basis throughout the project. Special interim reports on special topics and (or) results will be 

provided as appropriate. 

IV. COMPENSATION AND REIMBURSEMENT 

The Board, for and in consideration of the obligations and responsibilities undertaken by the 

District, hereby agrees to compensate and reimburse the District, in a total amount not to exceed 

$100,000, upon the submission of invoices and a State of Texas Purchase Voucher representing 

all costs incurred and paid by the District pursuant to performance of this Contract. However, the 

Board will not reimburse the District for indirect costs associated with this project. 

A. Reimbursement to the District shall be made in accordance with Attachment B, the 

approved task and expense budgets, with the Board contributing 2.1 percent or not to exceed 

$100,000 of the total project cost, in the form of cash. 

At the discretion of the Board and upon written memorandum to the contract file, 

budget flexibility within expense categories shall be allowed to the extent that the resulting total by 

anyone category does not exceed one hundred ten percent (110%) of the original budgeted 
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amount. Larger deviations shall require formal contract amendment. 

Quarterly invoices, State of Texas Purchase Vouchers, and evidence of subcontract 

charges for work performed shall be submitted for reimbursement. Vouchers and invoices shall be 

supported by sufficient detail to substantiate billings by the District, said detail to include the 

following: 

(1) For direct expenses incurred by the District for its expenses and for outside 

consulting services-copies of invoices to the District showing the tasks that 

were performed; the percent and cost of each task completed; and the total 

dollar amount due to the consultant. 

(2) For travel and subsistence expenses, including such expenses for 

subcontractors-names, date, work location, time period at work location, 

itemization of subsistence expenses of each employee, limited, however, to 

travel expense authorized for state employees by General Appropriations 

Act, Tex. Law Regular Session, 1993, Ch. 1051, Art. IV, Sec. 13 and 14., 

at V-44 or as amended or superseded; 

(3) Other transportation costs-copies of invoices covering tickets for 

transportation or, if not available, names, dates, and points of travel of 

individuals. 

The District is fully responsible for paying all charges, including those by sub

contractors prior to submitting a bill to the Board. The Board will, in tum, reimburse the District for 

the Board's share of the payment. Acceptable evidence of the District payment must accompany 

the District's request for Board reimbursement. A copy of the District's check to the subcontractors 

shall constitute acceptable evidence of payment. 

B. The Board shall reimburse the District only upon receipt of an invoice, and a State 

of Texas Purchase Voucher; provided, however, the Board shall only pay up to 90 percent of the 
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Board's share of each invoice pending the District's performance, completion of the FY94 Interim 

Report, and acceptance and approval of said report by the Board. At the time of said performance, 

completion, and acceptance of the report by the Board, the Board shall pay the remaining 10 

percent to the District. 

The Board shall reimburse the District only upon receipt of an invoice, a State of 

Texas Purchase Voucher, evidence of the District payment of subcontractor charges, and delivery 

of an acceptable FY94 Interim Report. 

C. The District and the subcontractors shall maintain satisfactory financial accounting 

documents and records, including invoices and receipts, and shall make them available for 

examination and audit by the Board. Accounting by the District and the subcontractors shall be in 

a manner consistent with generally accepted accounting principles. 

V. PUBLICATION AND SUBCONTRACTING 

The Board shall have unlimited rights to technical or other data resulting directly from the 

performance of services to the Board under this Contract. 

It is agreed that the research materials developed by the District pursuant to this contract 

shall become the joint property of the District and the Board. The District and the Board shall have 

the right to establish jOint copyrights to the material. Provided, however, that copyrighting will in no 

way limit the Board's access to or right to request and receive data and information obtained or 

developed pursuant to this contract. Any research materials subject to a copyright and produced 

by the District or the Board pursuant to this contract may be printed by the District or the Board at 

its own cost and distributed by either at its discretion. The District or the Board may otherwise 

utilize such material provided under this contract as it deems necessary and appropriate, including 

the right to publish and distribute the materials or any parts thereof under its own name, provided 

that any copyright is appropriately noted on the printed materials, and the District and the Board's 

5 



joint participation in the study is prominently disclosed. 

The District agrees to acknowledge the Board in any news releases or other publications 

relating to the work performed under this contract. 

No reimbursement shall be made for any work subcontracted by the District without prior 

written acceptance by the Executive Administrator of the Board for such subcontract. Each 

subcontract shall include a detailed budget estimate with specific cost details for each item of the 

work to be performed by the subcontractor and for each category of reimbursable expenses. Each 

subcontract shall conform to the terms of this contract and include provisions which require 

subcontractor compliance with Board rules. The District must also adhere to any requirements in 

state law pertaining to the procurement of professional services. 

VI. AMENDMENT, TERMINATION, AND STOP ORDERS 

The Board's approval of a $100,000 grant to the District will be rescinded on August 18, 

1994, if this contract has not been Signed by the District. 

This Contract may be altered or amended only by mutual written consent and may be 

terminated by the Board at any time by written notice to the District. Upon receipt of such notice, 

the District shall, unless the notice directs otherwise, immediately discontinue charging any 

additional amounts to the Board for work in connection with the performance of this contract. The 

District shall submit a statement showing in detail the work performed under this contract to the 

date of termination. The Board shall then pay the District promptly that portion of the prescribed 

fee for work actually performed under this contract, less all payments that have been previously 

made. Thereupon, copies of all completed work accomplished under this contract shall be 

delivered to the Board. 

The Board may issue a Stop Work Order to the District at any time. Upon receipt of such 

order, the District is to discontinue charging any additional amounts to the Board for work under 

6 



this contract. If the Board does not issue a Restart Order within 60 days after receipt by the 

District of the Stop Work Order, the District shall regard this contract terminated in accordance with 

the foregoing provisions. 

VII. NO DEBT AGAINST THE STATE 

This Contract and Agreement shall not be construed as creating any debt by or on behalf 

of the State of Texas and the Texas Water Development Board, and all obligations of the State of 

Texas are subject to the availability of funds. To the extent the performance of this contract 

transcends the biennium in which this contract is entered into, this contract is specifically 

contingent upon the continued authority of the Board and appropriations therefor. 

VIII. LICENSES, PERMITS, AND INSURANCE 

For the purpose of this contract, the District will be considered an independent contractor 

and therefore solely responsible for liability resulting from negligent acts or omissions. The District 

shall obtain all insurance deemed necessary, in the judgment of the District, to protect themselves, 

the Board, and employees and officials of the Board from liability arising out of the Contract. The 

District shall indemnify and hold the Board and the State of Texas harmless, to the extent that the 

District may do so in accordance with State Law, from any and all losses, damages, liability, or 

claims therefore, on account of personal injury, death, or property damage of any nature 

whatsoever caused by the District, arising out of the activities under this Contract. 

The District shall be solely and entirely responsible for procuring all appropriate licenses 

and permits which may be required by any competent authority for the District to perform the 

subject work. 
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IX. SEVERANCE PROVISION 

Should anyone or more provisions of this contract be held to be null, void, voidable, or for 

any reason whatsoever, of no force and effect, such provision(s) shall be construed as severable 

from the remainder of this contract and shall not affect the validity of all other provisions of this 

contract which shall remain of full force and effect. 

X. CORRESPONDENCE 

All correspondence between the parties shall be made to the following addresses: 

For the Board: 
Craig D. Pedersen 
Executive Administrator 
Texas Water Development Board 
P. O. Box 13231, Capitol Station 
Austin, Texas 78711-3231 

Attn: Regional Planning and Projects 
Section 

For the District: 
Mr. Arthur Storey, Jr., P.E. 
Executive Director 
Harris County Flood Control District 
9900 Northwest Freeway, Suite 212 
Houston, Texas 77092 

Attn: Colleen Raye O'Brien, P.E. 
Project Manager 



IN WITNESS WHEREOF the parties hereto cause this Contract and Agreement to be duly 

executed in triplicate. 

TEXAS WATER DEVELOPMENT BOARD 

Date sjly!zf 
HARRIS COUNTY FLOOD CONTROL DISTRICT 

APPROVED AS TO FORM: 
Mike Driscoll 
County Attorney 

~~ ~~n _ 
By:::-"1':-_~_~"""_ -'----::;V--______ _ 

Paul aparauskas 
Assistant County Attorney 

Date: __ 8_-_I_b!.../_'i-+i _____ _ 



ORDER AUTHORIZING EXECUTION OF AGREEMENT BETWEEN THE 
HARRIS COUNTY FLOOD CONTROL DISTRICT AND 

THE TEXAS WATER DEVELOPMENT BOARD 

THE STATE OF TEXAS § 
§ 

COUNTY OF HARRIS § 

On this the /lo+k day of (L.,ay; r:J;::..: , 19 9 4 , 

the Commissioners Court of Harris County, Texas, sitting as 

the governing body of the Harris County Flood Control 

ElAoeJ!sL District, upon the motion of Commissioner 

j-CM~ duly put and seconded by Commissioner 

carried, 

IT IS ORDERED that County Judge Jon Lindsay be, and he 

is hereby, authorized to execute for and on behalf of the 

Harris County Flood Control District an Agreement between 

the Harris County Flood Control District and the Texas Water 

Development Board for a water resource grant in connection 

with the creation of a wetlands mitigiation bank, said 

Agreement being incorporated herein by reference for all 

purposes as though fully set forth verbatim herein. 

94CAE145 

Cn~~~~]~:!.~~iZJ·H~!S Court 
Dct,)_~16 1994 
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ATTACHMENT A 

UNSOLICITED APPLICATION 

TO 

TEXAS WATER DEVELOPMENT BOARD 

AUSTIN, TEXAS 

FOR 

WATER RESEARCH PLANNING GRANT 

FOR 

A WETLANDS MITIGATION BANKING STUDY 

BY 

HARRIS COUNTY FLOOD CONTROL DISTRICT 

HOUSTON, TEXAS 

March 17, 1994 



1. 

2. 

4:22 HARRIS COUNTY FLOOL JNTRDL DIST 

TEXAS WATER DEVELOPMENT BOARD 

WATER RESEARCH 
APPLICATION 

Applicant's Legal Name and Address: 

Harris County Flood Control District 
·9900 Northwest FreewaYI_Suite 212 

Houston, Texas 77092 

Applicant's Executive Director: 

Arthur L. Storey, Jr., P.E. 

002 

Ia this application in re.pon.. to • published Request 
for Proposals (RrP)? 

No. 

What r •••• rch topics will the project include? 

A. Wetlands Creation 
B. Credit Assessment Methodology 
C. Water Quality Enhancement and Assess~ent 
O. Alternative Flood Protection Through Regional 

Oetention and Flood Attenuation by Created 
Wetlands. 

3. Drief d.scription of research propo •• l. 

Through the developmQnt of the !iret pUblic wetlands 
mitigation bank in Texas, this project will: 

A. Demonstrate the viability of the concept o~ 
mi tigat ion banking as a more cost effective and 
meaningful method of mitigating wetland impacts 
effectively fulfilling the spirit of the law in 
achieving no net loss of the nation's wetland 
resOUrces. 

B. Devise and achieve approval of 0. more accurate 
methodology for calculating the value ot impacted 
and created wetlands for the purpose of mitigation 
bankinq. 

c. Develop baseline of water quality entering the 
created wetlands and quantify the enhanced water 
quality of the o.ffluent passing through them. 

D. Access the hydrological interaction 
excavated detention basin and cont-; ,.,,, ..... "c 

of an 
.~ ............ , -- ~ 
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'4.708.891 

Th. aaoUDt. aDeS .ouro. of the local .. t~hinq fund. and 
•• rvic •• , aneS tb. to~al .. ount • .qu •• t.1i froJll ~Ile 
r •••• rch aneS planning fUDeS: 
Loc.l C •• h $~4.,.7~Q~8~.8~Q~1~ ________________ __ 
Local In-kind •• rvic.. $.~~-uN~/~A~ ________ _ 
Total ~equ •• t.d fro. TWOB $-*2~O~O~,~O~O~Q ______ __ 

I. Wby i. this r •••• r~b n •• d.dl 

Through this rQ&learch, .iCJoificantly improved 
lIIethodologi.. will result tor (a) the creation or 
wetland" in specific habitat types, (b) tor ~56es5inq 
the value of both impacted and created wetlands 
involved in the 404 mitigation process whose regulation 
ha& huge financial impact on the ability o~ both pUblic 
and private entities to accomplish projects for the 
public good, (c) interactive design tor combinative 
regional detention andwetlanda creation, ~ml (d) 
utilization of wetlands for enhancing runoff w~ter 
quality. 

t. OOe. the propo •• d reaearch project auplicate previous1y 
complete4 or on-goiDg r •••• rch? 

No. 

10. If you are a c;orporation org&Dile4 UDder the TexAS 
»u.ine •• Corporation Act, Article 1.01 at seq., attach 
proo~ that the corporation i. not delinquent in & tax 
oYe4 the Stat. under the Tax C04e, Chapter 171. 

Not applicable. 

11. Are you or .ny of 70ur iall.4ia.telI ~aJlUy employe4 by 
the Taxa ... ater Develop.ent Boar4? 

No. 

Wh.t pro4uots (~eport., plana, or oth.r 
the Board receive, a. a result of 
project? 

producU) yil1 
this re8 ••• ~h 

Final project report, credit for funding research in 
all professional journal. publishing results, 
replicable methodologie5 for establ bshing, assessing, 
and use for mitigation banking of created, restored and 
enhanced wetlands. 
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Icon or Ilime,lI 

The 'lcod Control Di.t~ict ha. identified the rolloving serviees which are believed 

to be neeeaaary to c~eate and maintain the 1450-acre Garnec', aayou Wetland 

Miti9ation aanlt and O.tention I'acillty proposed to be loeated at the southeast 

quadrant of the Carner. Bayou and Green. 8ayou con!luence. 

pleASCI note that all co.ta aho\oln ... ithin parenth •••• have already bggn cXp4inded by 

thCl Harri_ County I'lood Control Ohtrict (HCI'CD), and are not eligible foc grant 

con~ideration. The_. coata are being prOvided fur informational ~rposeg only. 

Anticipated fMnder 
Service TWOS HCFeD 

I. Lind Acqyilition: 

A. Tarquin Tract (224 ~c.) 

B. FDIC Tract (1232 Ac.) 

1. Secure & Tex.a Antiquitie. Pgr=it 
frotll the Texa. Antiquitie. Comalitte. 
tor tho d.t.nt~on aite t~act 8Yrvey. 

2. Detormine, by reference to the stat. 
a! Texas archeoloqieal .Lte filee at 
tho Texa. Archeological Research 
t..boratory at the Univer:lity of 
Taxa. at Aust1.n, if there are any 
prevlou.ly recorded axeh.alogLcal 
sit •• within the project ar.a. 

3. Conduct brief hhtor1.eal and 

4. 

geolosical ~aek9round data studlc:l 
of th. proposed project region. 

Locate through field 
prevloualy unrecorded 
teature. or ait.. In 
area. 

survey any 
archeological 
the project 

(5497,OSO) 

($2,783,292) 

(SJO,331) 
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!eryic. 

Roullton, TIIlI(.a to c1.t.CIIlin. i., any 
previou. titl. holdlr. of the 
pro~~y were dete=Lned to b • 
• oi& ... 4 in a bueloeu or activity 
wh1.ch would poaaibly contribut. to 
contamination of the ait •. 

7. Conduct • i. til reconnll1 •• anc. ..,1 th 
mll1~lpl. aite vieit. and 'Utv.),. 
includlns comproh.n.Lve ~41kinq 

oba.tvation •• nd a senerll O'I'Ir-vi_ 
ot adjac.nt tract •• 

8. Prepare a roport of the inv •• ti~.tion 
re.lIlt. tor the oit. for r.v!. .... by 
HeFCD .nd all appropriate Igenci.l. 

1. R..v~.... 9110109ic and Ion condi.tion. 
tor the .it. including revlftV of the 
Soil Conservation Survey .oil map •. 

2. Review the FEKA flood plain maps. 

3. Int.rpretation of hi.~torLeal and 
currant aarial photography. 

4. Perfor'IQ Ilta r.connai .... nce to teet 
and .valuate hydric .oil conditione. 

5. PorfoX'1l\ aite reconn&i .••• nce to 
identity vll911eatinD indicator~. 

6. Perform site reconnais.ance to 
identify and evaluate t~r.ph1.cal 
and hydrological ch~.ct.ri.tic •• 

7. Prepare a report of the Lnve.ti~4tion 
result. for the lSi~. for review by 
SCFCO and the Corps of Engineere. 

D. ~hreatened. or Endangered Bpecie. 
Investigat.ion 

l. Conduct & survey of the listed 
fed.erally protected and endangered 
lI~cie. to d.etarmino if any of the 
specl.. III.Y inhabit the SUbject 
tract. 

AnticipAted lyndpr 
twps RClCO 

(H4,035) 
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Suyic. 

B. Pr.l Utoinary Environm.ntal A •• oG:lllleot and 
Conc.ptual Oe.lgo 

2. 

Att.nd pr.liminary de.i9n m •• tlng~ 
with HctcP and MBat to d.termine 
appropriate proj.ct a88ees~nt 

mathodolo9Y and pr.lim~nary phase 
•• rv1o'lI. 

Pr.liminary Phase S.rvic.1I 

a. Proj.ct Managem.nt 

1) Attend /lleeting' with HerCD, 
Corp. ot Engin •• ra, 
Mitlgation Banking ReYie..-
T.am (MBRt) , other relevant 
ag.oci., and other 
con.ultant., and prepare 
required pr ••• ntationll 
material. 

2) coordinat. with .urveyor to 
correlate and verity topo-
graphic data and pipeline 
survey data with existing 
wetland. and flag wetland 
boundary adjacent to 
detention ba.in. 

3) Prepare t.rrain and. eontol.lr 
map. and models u.ing 'Llrvey 
and aerial data. 

b. oat. eathering and A,.os.ment. 

1) Provide cOlllprehenllive soil 
t axonOlll)' I .oil map and 
~~abilltJ..ee for proj.ct 
area, te.t borings and 
monitoring of grol.lndwat.r 
depth., and compil. a 
detailed .0U analYlill 
report:. 

Anticipated rUDder 
TWOB HC[CO 

(Sll,S88) 

(S10,000) 

$20,000 (555,000) 
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Suyis. 

d. Ortenuine minimum lIuccalll 
criteria tor wetland ereation/ 
enhancement And prepare necellary 
documente to obtain a Kemorandu..m 
ot A9reemCint between thll HCJ'CD 
and the corp. ot Engineerl. This 
ill to include thll requirN land 
'I •• agreementl. 

1. Flag and delineatll key existin9 Wllt

land boundarie •. 

2. Pertor= aerial photography of 
approximately 1600 acrlll with 22 
control panql poin~ft at critical 
locat ione. Planimetric feature. are 
to b. viaible on thll photo .. rllph~ and 
eufflcient elevation intonna.tion i.s 

to be captured to pro\' ide one ( 1) 
toot con~nur. at II Ileal. of l".SOO'. 

3. prepare mat •• and bounda d.scriptiona 
of the seven cubdivisiona of the ~ite 
for exhibite to the r e<i'J ired Land 
Ulie Agreea>ent bet",.en HCP'CO .. nd the 
Cos-p' of !:n<]ineera, al a condition 
ot the Memorandum at Agreement tor 
the cr •• tion ot the Garners Bayou 
Wetlands Kitigation Bank. 

4. Locate and flag the required test 
plots within each wetl .. nda 
subdivieion. AIHI\UIIe 20 plot. wi.ll 

be required. Theile te.t plot~ are 
to be ueed to monitor wetland. 
creation/enhancement to e.tabli5h 
and incre •• e credit. 1n the ~etlando 
miti9ation bank. 

1. Provide proje~ coordination and 
attend meeting. with HCFCD, COE. 
KBRr. and other relevant "genei •• to 
discuss the requirement. of the 
_tland. banking design and thA 
a.eociated detention taciliti ••. 

~. Develop conceptual grading plana, for 
each wetland~ .ubdivi~ion within the 

Anticipated lund.r 
MB HelCD 

$6,000 

$39,300 

S10,600 

$40,000 

$87,500 

$10,000 
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Stryie. 

B. In91n •• r1n9 Planel 

1. Pnparlt10n ot engin •• ring construc
tion plane and epeciflcfttions tor 
each wetlands subdivision. 

2. Pre~ration ot plan. to COftlply with 
EPA's NPOES criteria. 

J. Provi4e 9.otechnical inveet1gation 
intorlll&t1.on a. reqyired to IIUpt'K'lt't 
.n91n .. ring design. 

4. Incorporate 
archeological 
pllns. 

preservation of the 
!litee into the del!lign 

C. Permit Submittal. and Approva18: 

Submit mitigation and 
plans to .U nece:II!llry 
pro~r permitting. 

engineeri.ng 
agane': i 011 fnt' 

2. MGlGlt with th.s. permitting Agencies 
In4 addree" their concernl! as 
neeeeeary to obtain permite. 

Conatrsction Pha.! Services. 

A. Preparation ot the construction p.cka~ 
for each wetland" eubdivieion. 

B. Attend and assist the HCFCD in the pc.bid 
and the precon!ltruction conferences. 
Prepare and eubmit to the Oi:str1.c:t 
vritten addenda which mar be nec •••• ry. 

C. RVYiev .hop and workin9 draw1n9. 
f~rn1..hec1 ~y contractor. tor compliance 
with deeign concept. and epecificationll 
and. with the information given in the 
contract document •. 

D. Hake pe~iod.ic viait. to become fll.llliliar 
with the prOirell1l and qualitr of the work 
and to determine if the work h 
proceeding in accord.Ance with the 
contract d.ocument.. After each vieit, 
the &n9ineer .hall prepare and eubmit to 
the HCFCI) • written report ot hh 
otlservltions. 

Anticiplted runder 
TWOS Hcrcp 

~223,OOO 

$2!:i,200 

$102,200 
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III. A. Hydraulics and Hydrology 

IV. 

B. Preliainary Environmental 
Assessment and Conceptual 
Design 

2b. Data Gathering and 
Assessment 

J. conceptual Design 
Phase Services 

D. Preliminary Engineering 
Design 

1. Project Management 

3. Secondary Water Sources 

5. Cost Estimates 

A. Monitoring Wetlands Growth 

B. Analysis Credit Value 

APRIL 
1994 

SCHEDULE OP SERVICES 
ANTICIPATED TO BE FUNDED BY THE 

TEXAS WATER DBVELOPHENT BOARD 

SEPT. JAN. 
1994 1995 

M J J A ION D IF M A 
_1_1_1_1- _1_1_1 __ 1_1_1-
$18,000 

$20,000 

$65,000 
I I 

$10,000 

$7,000 
I 

$10,000 

$25, , 

$45,000 

PLEASE NOTE THIS SCHEDULE IS TENTATIVE AND IS BEING EXPEDITED WHEN POSSIBLE. 
MaIOOU.OOC ( 
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Task No 

1. 

2. 

3. 

Description 

ATIACHMENT B 
TASK & EXPENSE BUDGETS 

TASK BUDGET 

Hydraulics and Hydrology 

Preliminary Environmental Assessment and Conceptual Design 

A. Data Gathering and Assessment 

B. Conceptual Design Phase Services 

Preliminary Engineering and Design 

A. Project Management 

B. Secondary Water Sources 

C. Cost Estimates 

TOTAL 

Budget Amount 

$18,000.00 

20,000.00 

35,000.00 

10,000.00 

7,000.00 

10,000.00 

$100,000.00 



HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur L Storey, Jr., P. E. 
Executive Director 

September 28, 1994 

Ms. Charmaine Salone 
Texas Water Development Board 
P. O. Box 13231 
Austin, Texas 78711-3231 

bcc: 

RE: Request for a Time Extension on the Agreement 
Between TWDB and HCFCD for the Proposed 
Greens Bayou Wetlands Mitigation Bank 

Makela 
Kabs 
Talbott 
Parker 
O'Brien 
Unit File 

Harris County Flood Control unit P500-03-00, KM 376 

Dear Ms. Salone: 

The Flood Control District is writing to request an 
extension to complete the services proposed in our contract 
with the Texas Water Development Board on the proposed 
Greens Bayou Wetlands Mitigation Bank. The District shall 
complete the work program stated in Article 1 of the 
agreement, and shall deliver the Interim Report by March 30, 
1994. 

We appreciate your assistance on this matter. If we can 
provide additional information, please let us know. 

Sincerely, 
1 

;:~n R~:tri~" ~.~ 
Project Manager 
Watershed Management Dept. 

CRO:cr 

cc: Elliott 
Karos 

94CROl77.DOC 

9900 NORTHWEST FREEWAY, SUITE 220, HOUSTON, TEXAS 77092 713-684-4000 



· . 

TEXAS WATER DEVELOPIVIENT BOARD 

Charles W. Jenness, Clzainnan 
William B. Madden, Mmzber 
Diane E. Umstead, Mmzber 

Craig D. Pedersen 
Execulivc Adminislralor 

Wesley E. Pittman, Vict·Chainnan 
Noe Fernandez, Altmber 

Elaine M. Barr6n, M.D., Mtmber 

Ms. Colleen R. O'Brien, P.E. 
Project Manager 
Harris County Flood Control District 
9900 Northwest Freeway, Suite 220 
Houston, Texas 77092 

October 12, 1994 

Re: Time Extension forTexas Water Development Board (Board) Water Research Study with the Harris 
County Flood Control District, Contract Number 94-483"054 

Dear Ms. O'Brien: 

This letter is in response to your September 28, 1994 fax requesting a time extension for the ab-ove 
referenced contract. This letter will represent a contract amendment that will change the due date for the 
completion of the project· from September 30, 1994 to May30, 1995. I have added an additional two 
months to your requested date. in order to insure adequate review time for the final report. All other terms of 
the contract will remain unchanged. 

Please indicate your concurrence with these revised dates by signing below, retaining a copy for your files 
and returning the le.tter to the attention of the Regional Planning and Projects Section at the address shown 
below. If you have any questions concerning the contract amendment, please contact Mr. Gordon Thorn, the 
Board's designated Contract Manager for this project, at (512) 463-7979. 

7~~ 
De'~~~~ ~~~:Ze. Administrator 

for Planning 

APPROVED AS TO FORM:-
Mike Driscoll, County ACJ-0. . 

~A~ . L~ 
By: ~./ """" , 

Paul Taparauskas 
Assistant County Attorney 

Date: 10· ~ 7· ,1 Our Mission 

o 
UJ 
G) 
CO 
CO 

c, 

r-".) 

.:f-" .. -

Exm:iu leadmhip in 1M conuroarion andresponsibk devtlopmml of _Iff roOUfW for tlzt bentfil of tIze citizens, tconomy, and rovironmtnl ofT=. 
'. -

P.O. Box .13231 • 1700 N. Congress Avenue· Austin, Texas 78711-3231 
Telephone (512) 463-7847 • Telefax (512) 475-2053 • 1-800- RELAYTX (for the hearing impaired) * Prinftd on Rerycltd Paper * 



ORDER AUTHORIZING EXECUTION OF AMENDMENT TO AGREEMENT BETWEEN THE 
HARRIS COUNTY FLOOD CONTROL DISTRICT AND 

TEXAS WATER DEVELOPMENT BOARD 

THE STATE OF TEXAS § 
§ 

COUNTY OF HARRIS § 

On this the /(V( day of __ ~~~-""--''-'-'~ __ ''''::'''';;-'--_, 1994, the 

commissioners Court of Harris County, Texas, sitting as the 

governing body of the Harris County Flood Control District, upon 

the motion of commissioner seconded by 

commissioner __ ~~~-{~Q~ _____ ' duly put and carried, 

IT IS ORDERED that county Judge Jon Lindsay be, and he is 

hereby, authorized to execute for and on behalf of the Harris 

county Flood Control District an Amendment to Agreement between 

the Harris County Flood Control District and Texas Water 

Development Board for a water research study involving the Greens 

Bayou Wetlands Mitigation Bank to extend the contract time due to 

unavoidable time delays, said Agreement being incorporated herein 

by reference for all purposes as though fully set forth verbatim 

herein. 

94CAE188.DOC 

PRESENTED TO 
Commissioners Court 

Date NOV 0 11994 

Recorded Vol. Page ---



HARRIS COUNTY FLOOD CONTROL DISTRICT 

Arthur L. Storey, Jr., P. E. 
Executive Director 

october 27, 1994 

commissioners Court 
Administration Building 
Houston, Texas 77002 

Reference: Authorization to Execute an Amendment to 
Agreement for a Water Research Grant with the 
Texas Water Development Board in connection 
with the creation of the Greens Bayou Wetlands 
Mitigation Bank. 

Harris County Flood Control Unit P500-03-00 
Key Map Pages 376-X,Y and 416-A,B,C,F 
Harris county Precinct 4 

Dear Court Members: 

It is recommended that 
authorized to execute the 
for a Water Research Grant 
Board. 

County Judge Jon Lindsay be 
attached Amendment to Agreement 
with the Texas Water Development 

The purpose of this Amendment to Agreement is to extend the 
contract time to allow the District to complete the Water 
Research study covered by the Grant. The project is located 
on Key Map Pages 376-X,Y and 416-A,B,C,F. 

The Amendment to Agreement has been reviewed by the County 
Attorn~y and is ready for signature. 

ALS:CAE:cr 
Attachment: Amendment to Agreement 

cc: County Auditor 

94CAEl BB.DOC 

PRESENTED TO ()-erJ~-
Commissioners Court ~ 

Date-NO\l 0 1 199-4 .' ~ 
Recorded Vol:..... __ .Page __ _ 

9900 NORTHWEST FREEWAY, HOUSTON, TEXAS 77092 713-684-4000 

-------------_._--_._------------------


