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MASTER D~AINAGE PLAN 

CITY OF BROWNSVILLE, TEXAS 

1. SUMMARY 

This Master Drainage Plan for the City of Brownsville assesses the 
existing drainage probler.ls of the City and provides a Master 
Drainage Plan and computer programs for use in the Plan's 
implementation to correct the illajor flood proolems of the area. 

The underlying goal of tne drainage plans developed in this study is 
to provide flood protection for the lOO-year storm. This goal is 
primarily applicable to the major drainage facilities comprised of 
resacas, ditches ana channels. The minor system of storm sewer 
trunks has not been designed for this level of storm, for economic 
reasons. Tilis will have the effect of ponding the lOO-year flood 
waters in the streets until the overall system can dissipate it to 
the receiving water bodies. 

The existing drainage system has been analjzed based on a set of 
criteria and proceuJres developed in conjunction \'lith the City 
Engineering and Planning Departments. These criteria Viere applied 
to the Inajor structures in the planning area to determine their 
adequacy ~ith regarJ to the storm rnagllitJdes and conditions normally 
used in prudent engineering design. 

Components of tne i~aster Drainage Plan that deal with proposed 
improvements to the major drainage facilities have been developed 
through an iterative simulation process involving, first, the 
determination of existing flooding conditions for each of the five 
principal drainage subsystems, and then, a series of analyses to 
eva 1 ua te the effect i venes s of a ltern at i ve measures for reduc i ng 
existing flooding levels. A comprehensive set of cor,lputer prograills 
has been applied to calculate watershed run-off quantities and 
as soci ated water 1 eve 1 sand d i sch arges along each of the drainage 
subsystems for the various conditions considered. 

The major drainage facilities were analyzed utilizing the HEC-l 
Flood Hydrograph Package for hydrologic simulation. This program, 
originally developed by the Hydrologic Engineering Center of the 
U.S. Army Corps of Engineers, has received \~idespread use throughout 
the country for solving a wide variety of hydraulic problems. 

The minor syste,lls and their drainage areas I'lere analyzed utilizing 
the Rational r~ethod for determination of discharge. Parailleter 
values and procedureS found in tile "Hydraulic t'lanual of tile Texas 
Highvlay Departlnent" (State Depart;]lent of HiglHlays and Public 
Transportation) were applied. 

-1-



The extremely severe flooding problems of the area result from three 
principal causes: tne natural flatness of the LOI'I'er Rio Grande 
Valley, the large amounts of rainfall, and the development of many 
fluoo-prone areas without installation of proper drainage 
facilities. 

The fl atness of the area and downstream tai lI~ater condit ions cause 
flow velocities in channels throughout the area to be very slow. 
This condition requires that the structures and channels conveying 
the floodwater be very large to carry the flows that are commonly 
used to design for flood protection. 

Tne analysis portion of this plan has revealed that, generally, the 
major drainage>'lays and storm se\~er trunks in the area do not nave 
sufficient capacities to provide flood protection from even the 5-
year storm. 

The solution of these extensive and serious problems not only lies 
in correcting eacil local problem area witn a larger, local system of 
storm selver trunks, pipes and inlets, but also with solving the 
orainage problems of the major systelos of the resacas and major 
ditctles. 

The solutions proposeo, when implemented in the sequence shown, will 
alleviate the Illajor, ana many of tile local, flooding problems 
currently experienced. 

To be an effective management and engineering tool for improving the 
overall drainage systeln for the City of Brownsvi lle, the Master 
Drainage Plan should provide an organized procedure for implementing 
specific structural modifications and flood mitigation measures. It 
should balance the relative flood protection benefits of specific 
improvements \vith the cost of the improvements and the aoi 1 ity of 
the City to finance the improvements. 

The major components of the l-1aster Drainage Plan, when fully 
implemented, will comprise the ultimate lOO-year flood protection 
plan. For each of the major drainage subsystems, this ultimate plan 
provides for lOO-year water surface profiles that are below all the 
previously identified flood index elevations. 

The proposed recommended Immedi ate Improvements Program compri ses 
the roost essential components of the overall plan. It is considered 
to be a program that can be implemented within the next few years 
and can provide immediate solutions to some of the City's more 
severe flooding problems. This prograr'l provides the fundamental 
basis for the subsequent improvements that are contained in the 
other components of the Plan. 

Genera lly, i rnp 1 ementat i on of the Immed i ate Improvements Program wi 11 
lower lOG-year >'later levels in the 10vier reaches of the subsystems 
by several feet and wi 11 result in lesser flooding in the upper 
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reacnes. Flood protection with t,le Immediate Improvenlents Program 
in place generally "'ill provide for the 25 to 50-year storm on the 
T)~n Resaca subsystem and for tne 50 to 1u~-year storm on the Resaca 
oe 1 a Guerra subsystel:i. 

For North Main 8rain upstream of High",ay 77, at least 2-year flood 
protect i on wi 11 be prov i ded. I n the F our Corners area near Boca 
Cilica Boulevard, 25-year flood protection will be providea, with 
100-year flood protection downstream of International Boulevard all 
the way to the Port Authority iJitcil. Flood protection along the 
Cameron County Drainage District i~o. 1 Ditch subsystem wi 11 be 
between the 2 and 5- year stor:n level, although full laO-year 
protection for tile Valley Comillunity Hospital will be provided with a 
levee and pump system. 

The total projected cost of the Immedi ate Improvements Program, as 
shown below, is approximately $48,855,000. 

Structure 

!1H I - 1 

Nf'1I-2 
Ni'iI -3 
:~IH-5 
ri~H -6 
CCI-15 

TRI-l 
TRI-4 

RGI-l 
RGI-2 

Improvement Measure 

Channel i~idelling from Port ,-".utn'Jrity Ditch Upstream 
to Resaca oe la Guerra 

Cnannel Realignment East of ~irport 
Channel Realignment West of i~innesota Avenue 
Modifications to StructJre NI~35 at Boca Chica Blvd. 
Modifications to Structure N~32 at Minnesota Avenue 
FlOOd Protection Facilities hI' Valley COlillliunity 

Hospital 

Enhanced Detention Storage near Los TOlnates Banco 
Modifications to Structure TR26 near 25th Street 

Modifications to Structure RG24 at North Main Drain Ditch 
Modifications to Structures RG22 and RG23 at 

Morningside Road Crossings 

NMI-4 Channel Lining and Widening from Resaca de la Guerra 
Confluence Upstreain to Im;:Ja1a Ditch Confluence 

NMI-20 Modifications to Airport Drainage System 

TRI-5 
TRI-9 

T::<I-2 
TRI-3 
TrlI-7 

NMI-23 

Stormwater Pump Station near Los Tomates Sanco 
Modifications to Structure TR25 near Lincoln Park 

Additional Detention Storage above Belthair Blvd. 
Modifications to Structure TR15 at Palm BlVD. 
Stormwater Pump Station near EDony Lake 

New Detention Storage Area Do~nstream of 
International Boulevard 
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Structure 

CC I -11 

RGI-4 
RGI-o 

Nt~I-17 
NI~I-27 

NI~I -32 

RGI-3 

Improvement Measure 

Additional Detention Storage Area Upstream of Central 
AvenJe 

Modifications to Structure RG13 at Palo Verde Drive 
Miscellaneous Modifications to Structures Between 

Billy Mitchell Boulevard and 14th Street 

Modifications to Structure NM3 at MOPAC Railroad 
New Detention Storage Area Upstre~n of Paredes Line 

Road 
Additional Detention Storage Area Upstream of MOPAC 

Railroad 
Diversion of Stormwater Flows during High Stage 

Conditions into Cameron County Drainage Water 
District No.1 Ditch near the Paredes 
Line Road/High"ay 802 Intersection 

NMI-21 New Detention Storage Area South of Air~ort 

Ni'lII-26 Stor;:lVIater Pump Station Upstreanl of ROCKi'iell I\oao 

i,',ost of the existing stonl se"er trunks in the study area are 
unDersized and are not capable of carrying storllwater flows in 
accoroance ~ith the adopted design criteria presented in Chapter IV. 
Although ~any of tne existing pipes simply are undersized, the 
hyoraulic capacities of most of the storm sewers are severely 
limited by the existing high tai lwater conditions in resaca pools 
and ditches. 

With implementation of the major drainage improvements included in 
This Master Drainage Plan, these tailwater conditions will be 
Significantly reduced, and storm drains will be able to function 
more efficiently. 

The maintenance plan for existing drainage courses and storl~ sewers 
should be one that occupies a nigh priority in the budgetary, 
political, and human resource allocations of the City of 
Brownsville. 

The ideal situation for lilaintenance plans is for sufficient money to 
be available to cover all the problem areas Simultaneously. 
However, the reality of the sitJation is, often, only a fraction of 
the necessary funcis are availaDle to perform the many required 
tasks. The problel,l then becomes one of assigning priorities to 'Ihat 
areas iii 11 De illaintained first and how the distribJtion of effort 
should be allocateD. 
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To most effectively solve the problern, emphasis should always be 
placed on the aO\~nstrearn, outflow reaches of an area experiencing 
pronle!ns. This is justified because money spent to clean or improve 
conditions of existing drainage facilities in a local neighborhood 
or street intersection I>li11 not significantly help the probleiTI if 
the channel or structure downstream \~ill not allow the floodwaters 
to leave the problern area. This is especially true in Brownsville 
where tile grades are extremely flat and siltation occurs when 
downstream floods are impeded. 

A schedule of maintenance should be evaluated and prograrnllea based 
on the physical inventory provided in this report and the available 
resources and funding for the City. This should strive for a 
frequency of cleanout and repair that approaches at least an annual 
basis for all streams, ditches and open channels. 

The importance of the storm water pump stations, particularly the 
Impala Pump Station, to the rapid dispersal of flooa waters 
throughout the City is the same as the major outlet channels, 
resacas, and ditches. Since they are active conveyors of water, and 
not passive conveyances, they should be inspected and tested weekly 
to provide for assurance of their operation in the event of a flood. 

Eacil pump statioll should have a log listing maintenance procedures 
tnat have Jeen perfoniled, date, and by whom they viere performed. 
Where diesel or gas standby generators are available, any special 
procedures necessar j to start and operate tilese engi nes shoul d be 
1 i sted. There shoJld be at least two persons that know ilON to 
operate each pump and associated equipnlent to provide continuity in 
operation in case one person is, for some reason, not available. 
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II. I~TRODUCTION 

A. St~dy Authorization 

On May 7, 1986, the City of Brownsville, Texas, authorized this 
study to develop a Master Drainage Plan of the existing storin 
drainage facilities and future needs within the City Limits and 
in designated surrounding areas. 

B. Study Area 

The l"laster Drainage Plan encompasses a planning area of 
approx ililate ly 117 square mil es. Wi th in thi s area are three 
major resaca systems; the Town Resaca, Resaca de la Guerra, and 
Resaca del Kancho Viejo. The area also contains numerous 
drainage ditches, bridges, drainage structures, culverts, storm 
water pumping stations ana other relatea drainage faci lities. 
The major ditches studiea include North l"lain Drain, Cameron 
County Drainage District No. 1 Ditch and a portion of Drainage 
District No.6 Ditch. 

A location rna;:> showing the study area and the \~atershed 
boundaries of the principal drainage subsystems is shown in 
Figure 1, Volume I. 

C. Study Purpose and Scope 

The purpose and scope of this study has been to investigate and 
analyze the existing drainage facilities, and, based upon the 
analysis and design criteria agreed upon in conjunction \~ith 
City Staff, to develop a i"laster Drainage Plan for a storm 
drainage systeln which will proviae adequate capacity to handle 
future growtn. 

The general scope of work for this study has included: 

1. Study Area Reviews, Surveys, and Mapping 

a. Obtain data from prior reports, City files, meetings 
with other drainage related agencies (U.S. Army Corps 
of Engineers, Soil Conservation Service, etc.), and 
public meetings (to incorporate local comments and 
opinions) ; 

b. Review all available drainage, zoning, and land-use 
information furnished by the Owner from previous 
reports, studies, system layouts, or other data which 
is pertinent to the planning area; 
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c. Conduct an inventory, study, and analysis of the 
existing drainage conduits, open channels, culvert 
sizes, stom water pumping stations, and other 
relatea drainage systems, excluding inlet lateral 
1 i nes; 

d. Perform field survey work and reviews to determine 
present condition and adequacy of the major drainage 
facilities in the planning areas; 

e. Review current planning and design criteria for 
drainage facilities, and prepare recoilimendations for 
revisions (This task was not incorporated into the 
Master Drainage Plan at the direction of the City.); 
ana, 

f. Prepare maps at a conven i ent scale to show ex is t i ng 
major facilities (The maps utilized in the report 
were furnished by the City and were considered to be 
the best available.). 

2. Storm Drainage Systen Analysis 

a. Divide the major watersneds and drainage areas into 
COfTipOilent areas that wi 11 faci litate analysi sand 
later design; 

b. Analyze the !najor drainage faci 1 ities and structures 
and topography for their adequacy to carry present 
and future flows; 

c. Provide a listing and ranking of problem areas 
discovered; and, 

d. Investigate, select, and uti lize a computer program 
model that can be operated on the City Engineering 
Department Computer. 

3. Storm Drainage System Master Plan 

a. Develop and utilize a computer program to allow 
flexible analysis of the storm drainage system for 
various future land uses for the existing developed 
areas and the areas anticipated to be developed 
witnin each of the major drainage areas; provide 
these programs \~ith a computer program docurnentati on 
report for use by the City; 

b. Prepare a general plan and layout showing 
alternatives and proposed major improvements in 
relation to the existing drainage facilities; 
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c. Prepare hydraulic graoient profiles to graphically 
illustrate the problem areas along the major drainage 
courses, and show the positive effect of the proposed 
improvements; 

d. Prepare a maintenance plan for the existing and 
proposed flood protection facilities; and, 

e. Prepare a recommended plan of implementation, with 
cost projections and priorities, for tne proposed 
major improvements. 

4. Storm Drainage System Planning Report 

a. Prepare a report to include the background 
information and results of the calculations, studies 
and analysis, summary, conclusions and 
recommendations, priorities and cost projections for 
the immediate improvements; and, 

b. Address the considerations relating to operation 
policies and financing the recommendations of the 
pro;Josed plan. 

5. Progress Reports, Report Reviews, Printing and 
Presentations 

a. Attend and participate in quarterly meetings with 
City Staff and public agencies (The U.S. Army Corps 
of Engi neers and the Soi I Conservati on Servi ce were 
invited to these meetings.) to coordinate and develop 
the Master Drainage Plan; 

b. Provide monthly progress reports to the City; and, 

c. Provide fifteen (15) draft copies of the report to 
the City for revi ew and comment; amend, prepare, and 
present fifty (50) copies of the final report to the 
City. 

D. Prior Studies 

Prior studies performed for the study area have included the 
deve 1 opment of drainage and des i gn plans and reports oy the 
Federal Emergency Management Agency, tile Soil Conservation 
Service, the U.S. Army Corps of Engineers and various 
engineering companies and other private firms. 

These studies and plans provided a portion of the analysis data 
evaluated. Notes were Ina de of conclusions and recommendations 
in the pri or reports, and these were incorporated into til i s 
plan. 
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III. DRAINAGE SYSTE~ DESCRI2TI0N 

A. General Overview 

The City of Bro"nsvi lle 1 ies in tne Lower Rio Grande Valley, 
"hich has experienced the oepositional/erosional activity of 
the Rio Grande for thousands of years. Thi s act i v i ty has 1 ed 
to numerous changes in active channel alignments and locations. 
The evidence of this past activity can be seen in the nu~erous 
resacas and bancos (also known as meander scrolls and oxbow 
bends) that are present throughout the flat deltaic topography 
of the area. This process is still underway on the present day 
Rio Grande channel as it continues to slowly erode the banks of 
its channel and change course. Thi s process of channel 
~ovement is a long-term process that occurs over hundreds of 
years. 

Pictures of the typical resaca and ditcn drainageways appear in 
Figures 2 - 7, Volume I. 

The Rio Grande is a type of river characterized by artificial 
"levees" or spoi 1 banks that parallel it along the main 
channel. These "levees" are caused by the deposition of 
sediment by floOd waters when the river leaves its banks during 
a flood. The water in tne main channel has enough velocity and 
energy to carry the sediment, but when the flOOd flows leave 
the channel banK, the water slows down and drops its seoiment. 
This leaves the higher ~anks surrounding the river. 

The resacas in the stJdY area (e.g. Town Resaca, Resaca de la 
Guerra and Resaca del Kancho Viejo) are the abandoned channel 
of the Rio Grande and, therefore, also are characterized by 
high banks. Beyond the high Danks, the existing terrain slopes 
away from the resacas; the high banks cause flood waters that 
leave the resaca channels to flow to the low areas between the 
resacas and not readily return to the resacas. 

As agri culture developed in the area, drainage ditches were 
constructed to drain the land between the resacas. These 
ditches form the basis for the present-day drainage system in 
the study area. A complex system of canals also has been 
constructed to convey irrigation water, but these generally do 
not carry flood flows. 

The urbanization and develop~ent of the Lower Rio Grande Valley 
has increased floodin9 proble,T1s along the ditches and resacas 
through several causes. First, a higher percentage of run-off 
now occurs due to the increased a:nount of pavement and less 
pervious cover. Run-off also occurs Idore rapidly Ilith less on
ground storage of store,water Que to the install ation of storm 
sewers and drainage ditches. These factors result in peak 
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TOWN RESACA 
Town Resaca Passing Under Wall at Gladys Porter Zoo 

Looking Upstream Across Ringgold Street 

TOWN RESACA 
Looking Downstream at Town Resaca From 
Ringgold Street at Gladys Porter Zoo 

FIGURE 2 



TOWN RESACA 
Looking Downstream on Town Resaca at 7th Street 

TOWN RESACA 
Leaving Gladys Porter Zoo 

FIGURE 3 



NORTH MAIN DRAIN 
North Main Drain After Cleanout, Summer 1986 

NORTH MAIN DRAIN 
North Main Drain a Few Months After Cleaning, Fall 1986 

FIGURE 4 



IMPALA PUMP STATION 
Outlet Valves at Impala Pump Station to "Jeronimo" Banc~ 

Leading to Rio Grande 

IMPALA PUMP STATION 
Impala Storm Water Pump Station on Town Resaca 

FIGURE 5 



AIRPORT ORAINAGE 
Airport Drainage Outlet Headwall 

Note Sediment Line on Headwall After Recent Ditch Cleanout 

NORTH MAIN DRAIN 
North Main Drain South of Airport, Looking Downstream 

FIGURE 6 



RESACA DE LA GUERRA 
Flood Conditions on Boca Chica Boulevard, September 1984 
Flooding From Main North Drain and Resaca de la Guerra 

Looking West From Four Corners Area 

RESACA DE LA GUERRA 
Looking North Across Boca Chica Boulevard (Highway 48) During 

Flood of September, 1984 
Near Four Corners Area 

FIGURE 7 



storrnwater flol'is that are too large for the existing drainage 
system to carry. 

Tne use of the resacas for water supply storage and aesthetic, 
constant pool lakes also has contributed to existing flooding 
proolems. The elevated pool levels reduce the available 
storage volume that could be used to store stormwater during 
flooding periods. 

b. Labeling and Mapping 

To facilitate Illapping, presentation and identification of 
structures, a labeling system was developed for use on the 
Master Drainage Plan. 

The major watersheds, other areas, and all the drainage 
features within them carry a prefix designation that signifies 
the watershed. 

Tne prefixes used are as follows: 
TR - Town Resaca 
11:"i - North j·ia in Ora in 
RG - Resaca de la Guerra 
CC - Cameron County Drainage District No. 1 
RV - Resaca eel Rancho Viejo 
Fa Fort 3rol'in Resaca 
RR - Rio Grande 

T(le sub-watershed areas are a two-digit :lumber ililinediately 
follO\~ing the prefix. For example, sub-watershed I~umber 7 in 
Town Resaca would be T~07. 

Tile major structures along the drainage\1ays of the resacas and 
ditches use the sar.le prefix but have the structure number 
separateo by a oash; i.e. TR-d. 

Tne storm seVier trunks are labeled on the detailed drainage 
sheet baseD on the sub-watershed where the trunk finally ellters 
the drainageway. The trunk designation for tile third trun~ in 
Town Resaca sub-watershed Number 7 would be TR0703. 

Tile drainage areas within these sub-\~atersheds are further 
divided into snaller areas for analysis of the capacity of the 
starn se\'ler trunks. These labels are ~laced on the maps wit'! 
an oval or ellipse placed around the:1 to ['lake the:n stand out 
froin ottler "~ar,, i ngs on the Iliap. An examp 1 ai/oul d be that sub
area 15 of sub-I';atr::rshed nUiiloer 4 ill TaWil Resaca vlOuld be 4.15 
enclosed in an oval in tne area of TR-4 on the detail drainage 
map. The nYGrologic characteristics for these sub-areas can be 
fJUlld in the Appendix, Table Al, Volume I. 

-10-



C. Major Drainage Facilities 

Based on an extensive field survey program, as well as a review 
of City files anD plans, previous drainage reports, available 
construction drawings and other drainage-related data, an 
inventory has Deen made of all major drainage facilities in the 
five principal drainage subsystems within the overall planning 
area; i.e., Town Resaca, North Main Drain, Resaca de la Guerra, 
Cameron County Drai nage Di stri ct No. 1 Ditch and Resaca del 
Ranch Viejo. This inventory includes survey data on 180 
structures and 40 stream cross-sections. 

The locations of the major structures are indicated on Plates 
7a and 7b, Volume II. Tables 1 through 5, Volume I, list the 
structures and present descri pt ions and pert i nen t hyd r au 1 i c 
data for each structure. 

Maps showing the specific watersheds of the principal drainage 
subsystems within the planning area are presented in Plates 1 
through 6, Volume II. Descriptions of the principal drainage 
subsystems are presented in the following sections. 

The Town Resaca watershed is the most soutllerly of the 
five principal drainage subsystems and is bounoeo on the 
south by the levee along the Rio Grande. The northern 
bOundary adjoins the drainage divide of the North i~ain 
Drain. The upstream western extent of the v,atershed is 
near Honeydale Drive. The channel proceeds southeasterly 
through downtown Brol'lI1svi lle. The downstream end of the 
watershed is at Tomates Banco, downs tream of L i nco 1 n Park. 
The outlet of the To,nates Banco is a ditch that carries 
stormwater to the Impala PUinp Station and then on to tile 
north to North Mai n Drai n. The vlatersiled covers a total 
of approximately 3,500 acres and contains 48 sub
watel'sheds that have Deen analyzed. Figures 2 and 3, 
Volul~e I, show locations on Town Resaca. 

2. North ~iain Jrain 

This ditch serves to provide drainage in the low area 
between tne Town Resaca and Kesaca oe la Guerra 
sUDsyste:ns. 

The r~orth i~a in Ora i il enco~lpasses a vlatershed of 
approximately 14,892 acres and has a channel length of 
about 16 :niles. Tllis .... atersiled ilas been analyzed with a 
tota 1 of 43 sub-vlatersheds. The channel :las a top i~i oth 
that ranges from 20 to 70 feet. Figures 4 and 6, Volume 
I, silo;; two pictures of locations on North i'iain Drain. 
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TABLE 1 
DESCRIPTION OF OUTLET STRUCTURES IN TOWN RESACA 

STRUCTURE STATIOt~ TYPE N'Jr-lBER SIZE FLOW LINE NORi"lAL TOP OF 
NO. DIS U/S WJER STRUCTURE 

SURFACE 

IMI 43+70 B ri();je LB = 60' 12.2 12.2 27.96 
Tulipan Dr. 43+90 WB = 20' 

HB = 13.3' 

1M2 56+50 Bri~ LB = 60' 13.6 13.6 29.22 
Calle Milpa 56+70 WB = 20' 

Veroo HB = 13.1' 

1M3 65+60 Bridge LB = 60' 12.5 12.5 31.12 
Impala 65+80 WB = 20' 

HB = 16.2' 

IM4 64+10 Bridge LB = 49' 15.9 15.9 34.45 
East Avenue 64+30 WB = 20' 31.95 

HB = 16.0' 

TR27 100+00 Weir LW = 23.6' 14.85 19.09 19.09 19.09 

TR26 150+00 CMP 0= 6' 0'3" 15.55 14.93 19.09 24.8 

LC = 32' 
Rep 2 D = 36" 15.95 16.45 

LC = 50' 15.92 15.61 

TR25 154+80 Weir LW = 34.3' 13.27 20.23 20.23 20.23 

TR24 155+50 Bridge LB = 50' 13.27 13.27 20.23 30.73 
WB = 21.3' 
HB = 14S' 

TR23 176+70 Box Culvert 2 10' X 9' 14.90 14.90 20.23 31.90 
Highway 4 178+90 LC = 220' 

TR22E 182+90 Box Culvert 2 10' X 9' 15.10 15.80 20.23 27.19 
192+83 LC = 993' 

TR22D 195+58 Box Culvert 2 10' X 9' 16.10 16.10 20.23 28.00 
196+38 LC = 80' 

TR22C 199+18 Box Culvert 2 10' X 9' 163!) 16.30 20.23 30.00 
200+04 LC = 86' 



TABLE 1 (CONT'D) 

DESCRIPTION OF OUTLET STRUCTURES IN TOWN RESACA 

STRUCTURE STATION TYPE NUME,ER SIZE FLOW LINE ~mRMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURFACE 

TR22B 202+34 Box Culvert 2 10' X 8' 16.40 16.40 20.23 30.50 
202+66 LC = 32' 

TR22A 206+00 Box Culvert 2 10' X 8' 16.42 16.52 20.23 38.00 
Highway 77 210+88 LC = 488' 

TR22 216+68 Box Culvert 2 10' X 9' 16.63 16.63 20.23 29.62 
217+49 LC = 81' 

TR21 219+09 Box Culvert 2 lOX 8' 16.40 16.40 20.23 30.50 
LC = 50' 

TR20 220+49 Box Culvert 2 9' X 9' 15.20 15.20 20.23 27.35 
221 +01 LC = 52' 

TRI9 248+61 Box Culvert 2 9' X 3' 19.64 19.64 20.23 24.12 
RinOOJld 249+24 

TR18 249+50 Weir LW = 25' 19.64 21.47 21.47 27.47 

TR17 265+30 Box Culvert 2 9' X 8' 17.66 17.66 21.47 33.35 
265+64 LC = 34.3' 
265+24 Box Culvert 6' X 3' 20.84 20.84 21.47 29.11 
265+64 LC = 40' 

TR16 270+64 Box Culvert 6' X 4.8' 19.52 19.52 21.47 30.00 
271 + 24 LC = 62.5' 

2 9' X 4' 19.52 19.52 
LC = 60S' 

TRIS 290+84 Box Culvert 10' X 6' 19.35 17.65 21.47 30.00 
Palm Blvd. 292+06 LC = 122' 

292+10 Weir LW = 10' 17.65 23.90 23.90 23.90 

TRI4 295+26 Box Culvert 9' X 4' 20.95 20.95 23.90 32.45 
295+59 LC = 33' 

TRI3 299+59 Box Culvert 10' X 8' 1700 17.00 23.90 29.07 
300+19 LC = 60' 

TRI2 308+19 Box Culvert 10' X 10' 20. I 7 20.17 23.90 3 L50 
308+79 LC = 60' 



TABLE 1 (CONT'D) 

DESCRIPTION OF OUTLET STRUCTURES IN TOWN RESACA 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE NORMAL TOP OF 
NO. DIS U/S WATER STRUCTURE 

SURFACE 

TRII 325+59 Box Culvert 12' X 6.5' 20.16 20.16 23.90 30.00 
325+84 LC = 24.5' 

TRIO 349+04 Box Culvert 10' X 8' 17.63 17.63 23.90 29.86 
349+64 lC = 65' 

TR9A 360+44 Weir LW = 10' 19.82 26.12 26.12 26.12 

TR9B 360+44 Weir LW = 6.3' 21.96 26.06 26.12 26.06 

TR8 382+44 RCP D = 36" 23.09 25.98 26.12 30.80 
Belthair st. 383+09 LC = 65' 

TR7 395+49 RCP D = 48" 22.69 26.00 26.12 32.00 
Boca Chica 396+61 LC = 112' 

TR5 413+01 RCP D = 30" 24.29 23.91 26.12 29.74 
413+62 lC = 61' 

TR4 420+82 RCP 0=36" 22.46 22.78 26.12 36.72 
Centrel Blvd. 421 + 97 LC = lIS' 

TR3 425+00 Weir LW = 200' 29.90 29.90 29.90 

TR2 435+97 RCP D = 36" 25.70 25.96 29.90 32.52 
437+12 LC= liS' 

TRI 452+12 RCP D = 18" 
454+92 LC = 80' 



TABLE 2 

DESCRIPTIOtJ OF CHArmEl STRUCTURES IN NORTH MAIN DRAIN 

STRUCTURE STATION TYPE Nur1BER srZE FLOW LINE TOP OF 
NO. DIS UIS STRUCTURE 

NM38 10+00 RCP 8 D = 60" -2.04 -1.94 8.80 
South Port Rd. LC = 205' 

NM37 126+88 Bri~ WB = 25.5' 0.51 0.51 20.41 
Oklahoma LB = 100' 

HB = 17.4' 

NM36 156+88 Bri~ WB = 25.4' 0.90 0.90 21.07 
Browne LB = 101' 

HB = 17.4' 

NM35 204+58 Box Culvert 3 9' X 8' 5.11 5.11 18.40 
Boca Chica LC = 35.6' 

NM34 256+88 Brio;e lB = 80' 4.60 4.60 23.80 
FM 511 WB = 25.2' 

HB = 16.7' 

NM33 260+88 B ric'1}:! LB=IOO' 6.30 6.30 24.57 
Utah Ave. WB = 25.2' 

HB = 15.8' 

NM32 413+87 Bric..-~ lB = 80' 7.71 7.71 22.33 
Minnesota Ave. WB = 27.4' 

HB = 12.1' 

Ni'131 458+94 B rid;le LB = 80' 9.40 9.40 32.50 
WB = 13.2' 
HB = 15.8 

NM30 468+88 BriO;"e lB = 60' 10.04 10.04 26.10 
Southmost Rd. WB = 25.3' 

HB = 13.7' 

NM29 481 +69 Bri~ LB = 60' 10.90 10.90 28.20 
Ramada Dr. WB = 21.5' 

HB = 14.9' 

NM28 489+15 Box Culvert 4 9' XW 12.52 12.52 26 . .'30 
La Poscr...a Dr. LC = 49' 

N~127 497+27 Bri();e LB = 60' 11. 15 1115 2':'.56 
Esperanza Rd. WB = 25' 

HB = 14.9· 



TABLE 2 (CONT'Dl 

DESCRIPTI01J OF CHArmEl STRUCTURES IN rWRTH MAIN DRAIN 

STRUCTURE STATION TYPE NUi1BER SIZE FLOW LINE TOP OF 
NO. DIS UIS STRUCTURE 

NM26 514+10 Br iO;;1e LB = 60' 11.70 11.70 26.67 
Manzano St. WB = 20' 

HB = 12.5' 

NM25 556+40 Box Culvert 10' X 8' 12.20 12.20 25.60 
Southmost Rd. LC = 40' 

2 10' X 8' 14.40 14.40 
LC = 40' 

NM24 586+45 B riO;;1e LB = 60' 13.35 13.35 26.85 
30th Street WB = 31.4' 

HB = 10.8' 

NM23 632+43 Box Culvert 3 10' X 9' 16.00 16.00 28.30 
International Blvd. LC = 74' 

NM22 638+03 Box Culvert 3 9' X 9' 16.00 16.00 26.60 
14th Street LC = 74' 

Ni'12 I 648+53 RR Brieqe LB = 55' 15.40 15.40 26.85 
S. Poc. RR WB = 14" 

HB = 9.0' 

NM20 655+41 Box Culvert 3 10' X 7.7' 15.57 15.57 25.00 
Boca Chica lC = lIS' 

NM19 674+94 Box Culvert 6' X 4' 16.26 17.45 27.08 
Old Port Isabel Rd. LC = 73' 

RCP 2 0=60" 17.40 17.43 
lC = 73' 17.51 17.4B 

NM18 685+26 RCP 3 0=60" 16.77 16.80 25.15 
Rentfro St. LC = 68' 16.77 16.74 

16.81 16.69 

NM17 696+46 Rep 2 D = 60" 17.50 17.54 30.21 
Rockwell LC= 69' 17.63 17.60 

D = 48" 17.58 17.58 
lC = 69' 

NM16 712+40 Box Culvert 2 7' X 6' 17.00 17.00 30.27 
Paredes Line Rd. LC = 109' 

LC = 114' 
7' X 4.5' 17.00 17.00 
LC = 118' 



TABLE 2 (CONT'D) 

DESCRIPTION OF CHANNEL STRUCTURES IN NORTH MAIN DRAIN 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE TOP OF 
NO. D/S U/S STRUCTURE 

NM15 721 +85 RCP 3 D = 60" 18.91 17.64 29.44 
Mackintosh LC= 71' 18.71 17.48 

18.65 17.58 

NM14 723+82 RR Bri6:}3 LB = 80' 18.20 18.20 30.63 
S. Pac. RR WB = 17' 

HB = 10.0' 

NM13B 726+99 Box Culvert 2 8' X 7' 18.30 18.34 28.50 
Access Road LC = 100' 

NM 13A 741 +43 Box Culvert 2 8' X 7' 18.67 18.77 32.08 
U.S. 77/83 LC= 194' 

NM12 755+80 Box Culvert 2 8' X 7' 19.37 19.50 28.90 
Old Alice RGCd LC = 160' 19.32 19.50 

NMII 761 +03 RCP 2 D = 72" 20.86 20.76 28.24 
Driveway LC = 33.3' 20.93 20.68 

NM10 764+03 RCP 2 D = 72" 20.83 20.84 28.40 
Driv8wey LC = 33' 20.85 20.98 

NM9 768+03 Rep 2 D = 72" 20.89 20.96 28.43 
Driv8wa'y LC = 32.5' 21. 12 20.78 

NM8 773+50 RCP 2 D = 60" 21.28 21.17 28.72 
West Price Road LC =254' 21.30 21.31 

Ni17 791 + 86 RCP 3 D = 24" 20.51 20.30 25.41 
Cor ia Street LC = 15.5' 20.65 20.40 

20.69 20.24 
Weir LW = 26' 25.41 

Nl'16 799+44 Box Culvert 6.5' X 4' 24.15 32.70 
Central B ]vd. (In Series) LC = 110' 

II' X 4' 24.21 
LC = 109' 

Nt15 817+58 RCP D = 36" 23.44 23.42 32.40 
LC = 72' 

Nt14 826+90 RCP 2 D = 36" 23.49 24.14 30.52 
Honeydale LC = 49' 23.49 23.89 



TABLE 2 (CONTrD) 

DESCRIPTION OF CHANNEL STRUCTURES IN NORTH MAIN DRAIN 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE TOP OF 
NO. DIS UIS STRUCTURE 

NM3 839+65 CMP D = 48" 25.64 25.74 37.34 
Mopac RR LC = 57' 

NM2 847+71 RCP 2 D = 36" 25.46 25.45 32.28 
EI Paso Roa:l LC = 65' 25.41 25.51 

NMI 857+36 RCP D = 42" 24.43 33.15 
Center Dr i VB 



TABLE 3 
DESCRIPTION OF OUTLET STRUCTURES IN RESACA DE LA GUERRA 

STRUCTURE STATION TYPE NUr1BER SIZE fLOW LINE NORMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURFACE 

RG24 35+20 RCP Outlet 5.8' X 5.8' 20.03 20.03 20.03 
Drop Structure D = 30" 15.70 15.91 26.00 

LC = 42' 

RG23 39+60 RCP 3 D = 30" 17.98 18.35 20.03 25.55 
Morningside Rd. 40+00 LC = 60' 

RG22 82+ 80 RCP 1 D = 15" 20.55 20.30 26.64 
83+60 2 D = 30" 16.95 16.95 

LC = 75' 

RG21 145+40 Bri~ LB = 21' 16.90 17.80 20.30 27.50 
145+70 WB = 34' 

HB = 8' 

RG20 168+70 RCP 3 D = 4?" 16.09 16.91 20.03 27.50 

Billy t1itchell170+ 10 LC = 146' 

RG19 186+00 Box Culvert 2 10' X 8' 14.44 14.44 20.03 27.66 
Boca Chica 186+88 LC = 88.75' 

Weir LW = 52' 14.44 21.98 21. 98 21.98 

RG18 282+48 RCP D = 70" 16.72 13.76 21.98 28.53 
14th St. 283+92 LC = 144' 

Weir LW = 28' 13.76 22.65 22.65 22.65 

RGI7 308+92 Box Culvert 10' X 8' 20.35 19.92 22.65 27.22 
309+56 LC = 64' 

RGI6 318+36 RR Bri6;Je LB = 84' 17.84 17.84 22.65 29.72 
WB =9.0' 
HB = 8.9' 

RGI5 397+ 96 Box Culvert 2 8' X 8' 20.63 20.63 22.65 30.34 
398+60 LC = 64' 

RG14 406+60 Spillway LW = 9' 19.40 25.25 2606 25.25 
406+ 95 

RG13 492+ 15 CGMP D = 36" 21.51 21.24 26.06 29.34 
Palo Verde Rd. 493+ 0 I LC = 86' 



TABLE 3 (CONT'D) 

DESCRIPTION OF OUTLET STRUCTURES IN RESACA DE LA GUERRA 

STRUCTURE STATION TYPE Nur1BER SIZE FLOW LINE t~ORMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURFACE 

RG12 526+41 RCP D = 52" 19.56 19.48 26.06 26.25 
Hwy 1847 527+53 lC = 112' 

RG12A 536+03 Weir lW = 16' 27.89 27.89 27.89 

RG 11 541+73 RR BriO;1e lB = 43' 23.35 23.35 27.89 31.90 
WB =9' 
HB = 5.5' 

RGIO 566+33 RCP 2 D = 30" 24.47 24.49 27.89 29.76 
566+98 lC = 64.7' 24.23 23.88 

RG9 595+58 RCP 2 D = 52" 22.71 23.56 27.89 31.08 
596+32 LC = 73S' 22.66 23.28 

RGB 606+72 Spillway LW = 19' 25.33 28.80 28.80 28.80 

RG7 611 +68 Box Culvert 5' X 5' 22.50 22.50 28.80 
U.S. 83&77 615+21 LC = 353' 

RG6 632+01 RCP D = 48" 23.69 23.09 28.80 33.29 
Central Blvd. 633+ 16 lC = 115' 

RG5 635+96 Box Culvert 20' X 8' 26.51 26.51 28.80 36.02 
636+23 lC = 27' 

RG4F 637+96 RCP D = 42" 25.04 24.15 28.80 36.02 
638+92 LC = 96' 

RG4E 661 + 72 CGMP D = 24" 28.39 28.66 28.80 31.82 
662+72 LC = 100' 

RG4D 663+82 CGMP D = 24" 28.69 28.85 28.80 31.70 
664+82 lC = 100' 

RG4C 672+82 CGr1P D = 24" 28.34 28.34 28.80 32.12 
673+87 LC = 105' 

RG4B 674+87 CGMP 2 D = 18" 27.67 28.39 28.80 32.57 
675+87 lC = 100' 26.79 28.99 

RG4A 695+07 Rep D = 24" 23.40 27.77 28.80 33.46 
695+27 LC = 20' 



TABLE 3 (CONT'Dl 

DESCRIPTION OF OUTLET STRUCTURES IN RESACA DE LA GUERRA 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE NORt1AL TOP OF 
NO. DIS U/S WATER STRUCTURE 

SURFACE 

RG3 709+27 Bri~ LB = lOS' 26.87 26.87 28.80 42.13 
WB=9' 
HB = 12.26' 

RG2A 733+27 Weir LW = 6' 28.00 28.00 28.80 28.00 
Merce:les Rd. 

RG2 762+67 RCP 2 D = 30" 26.10 26.25 28.80 33.77 
763+25 LC = 58' 

D =24" 25.93 27.09 
LC = 45' 

RGI 768+05 RCP D = 42" 25.30 25.30 28.80 35.70 
F. M. 802 769+10 LC = lOS' 

Y6 787+10 RCP 2 D =18" 26.94 26.94 28.80 32.54 
787+45 LC = 35' 

Y4 832+90 RcOO 32.33 32.323 32.33 
833+20 (No Pipes) 

Y3 869+20 RCP D = 36" 24.52 27.41 32.33 34.85 
870+10 With Gate LC = 90' 

Y2 896+10 D = 18" 32.28 32.24 32.33 34.40 
896+95 LC = 85' 

Yl 933+60 PVC 2 D = 12" 31.86 32.02 32.33 . 34.40 
933+80 LC = 20' 



STRUCTURE 
NO. 

CC18 
Highway 48 

CC17 
Mapa: RR 

CC16 
FM 511 

CC15 
Harbor Roa:l 

CC14 
FM802 

CC13 
Highway 48 

CC12 

CCl1 
FM 802 

CCl0 
central Avenue 

CC9 
Robindale Ave. 

CC8 
Flume 

TABLE 4 
DESCRIPTION OF CHANNEL STRUCTURES IN 

CAMERON COUNTY DRAINAGE DISTRICT NO, 1 DITCH 

STATION TYPE NUMBER SIZE FLOW LINE 
DIS UIS 

79+79 BriliJe LB = 68' -0.76 -0.76 
WB = 42' 
HB = 13' 

99+93 RR BriliJe LB = 59' 0.26 0.26 
WB = 14' 
HB = 13.6' 

109+23 BriliJe LB = 67' -0.70 -0.70 
WB = 54' 
HB = 6.5' 

116+48 B rid:;Je LB = 129' 1.59 1.59 
WB = lOS' 
HB = 17.5' 

163+80 BriliJe LB=100' 1.14 1.14 
WB = 43' 
HB = 20' 

182+07 Brid:;Je LB = 86' 2.96 2.96 
WB =38' 
HB = 14' 

205+46 RR Brid:;Je LB = 70' 4.16 4.16 

WB = 9' 
HB = 14.2' 

228+80 Brid:;Je LB = 119.6' 4.37 4.37 
WB =40' 
HB = II' 

238+87 BriliJe LB = 32' 5.40 5.00 
WB=27' 
HB = 10.5' 

279+84 Brid:;Je LB = 77' 5.27 5.27 
WB = 32.2' 
HB = 14.6' 

297+00 BriliJe LB = 75' 4.41 4.41 
WB = 7.5' 
HB - 10.9' 

TOP OF 
STRUCTURE 

13.33 

16.33 

16.79 

20.15 

22.34 

18.56 

20.85 

18.89 

17.10 

21.62 

20.86 



STRUCTURE 
NO. 

CC7 
Old Port Isabel 

CC6 
Dana Roa:J 

CC5 
Paredes Line Rd. 

CC4 
S. Pa::. RR 

CC3 
U.S. 77/83 

CC2 

CCI 
fM 3248 

TABLE 4 (CONT'D) 
DESCRIPTION OF CHANNEL STRUCTURES IN 

CAMERON COUNTY DRAINAGE DISTRICT NO, 1 DITCH 

STATION TYPE NUMBER SIZE FLOW LINE 
DIS 

299+89 Box Culvert 2 10' X 9' 6.50 
LC = 20' 

325+40 Brid:Je LB = 30.5' 6.40 
WB = 20' 
HB = 11.9' 

393+27 Brid:Je LB = 74.5' 8.23 
WB = 46' 
HB = 14.1' 

404+96 RR Brid:Je LB = 45.5' 8.67 
WB = 19.5' 
HB = 11.0' 

489+55 Box Culvert 6' X 6' 13.46 
LC = 295' 

514+93 Box Culvert 10' X 8' 18.38 
LC = 15' 

576+50 RCP 0=48" 16.18 
LC = 99' 

TOP OF 
UIS STRUCTURE 

6.50 19.00 

6.80 19.90 

8.23 24.02 

8.67 21.65 

18.65 29.76 

18.38 29.76 

18.95 28.58 



TABLE 5 

DESCRIPTION OF OUTLET STRUCTURES IN RESACA DEL RANCHO VIEJO 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE NORMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURfACE 

RV41 10+00 Box Culvert 2 5' X 5' 5.78 6.83 6.83 14.57 
LC = 40' 

RV37 91 +00 Steel D = 18" 10.79 11.60 11.60 13.30 
LC= 29' 

RV36 115+50 Bri~ LB = 168' 6.10 11.60 23.16 
Ft1511 WB = 46' 

HB = 13.5' 

RV35B 121 +50 RCP D = 30" 9.38 11.60 19.90 
LC = 50' 

RY3SA 122+05 Drop Structure D = 3.5" 17.16 
LW = 11.0' 

RV34 153+50 Structure Removed 

RY33 160+50 CGI'IP D = 60" 9.68 11.18 17.17 19.80 
LC = 59' 

RV32B 275+50 Structure Removed 

RV32A 308+50 Woo:1en Bridge L B= 17' 10.00 17.17 23.53 
Old Port Isabel WB = 20' 

HB = 11.6' 

RV31B 350+50 RCP D = 52" 10.63 11.27 17.17 20.22 
LC = 32' 

RV31A 350+87 Lift Gate LW = 7' 11.27 16.11 17.17 16.11 

RV30B 370+50 RCP D = 60" 11.40 11.70 17.17 20.51 
LC = 33' 

RV30A 371+15 Lift Gate LW = 7' 11.70 17.50 17.50 17.50 

RV29 457+50 RCP D = 60" 10.83 10.95 17.50 20.36 
Dana Reid With Gate Open LC = 86' 

RV28B 506+50 RCP D = 60" 18.86 11.45 15.38 18.42 
LC = 35' 



TABLE 5 (CONT'D) 

DESCRIPTION OF OUTLET STRUCTURES IN RESACA DEL RANCHO VIEJO 

STRUCTURE STATION TYPE NUt1BER SIZE FLOW LINE NORMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURFACf 

RV28A 506+95 Lift Gate LW = 8.0' 11.45 18.95 15.38 18.95 

RV27 584+50 RCP 2 D = 36" 11.51 15.11 15.38 27.12 
Paredes Rd. LC = 306' 12.02 19.73 

RV26 591 +50 RR Bridge LB=193' 15.29 16.41 28.92 
WB =9' 
HB = 10.1' 

RY2B 595+50 Box Culvert 3 S' X 2' 14.03 14.05 16.41 20.48 
LC = 65' 

RY25A 596+23 Drop Structure 28' X 8' 14.05 17.50 17.50 17.50 
With L itt (j.5~.e5 

RY24 613+50 RCP 2 D = 72" 13.37 12..'31 17.50 25.53 
LC = 81' 13.39 13.23 

RV23 650+50 RCP 2 D = 72" 13.20 12.80 17.50 25.89 
Trail North LC = 38' 13.08 12.63 

Drive 

RV22 688+50 RCP 2 D = 72" 13.53 13.32 17.50 24.72 
LC = 80' 

RV21 732+50 Rep 2 D = 36" 15.67 15.52 17.50 22.47 
Duncan Rood LC = 25' 15.40 15.55 

RV20 747+50 Rep D = 24" 16.81 17.00 17.50 22.91 
LC = 24' 

RY19 859+00 RCP 2 D = 72" 16.81 16.91 20.50 30.58 
Highw~77 LC = 270' 

RV18 862+00 Bri\1Je LB = 146' 17.90 20.50 31.58 
Access Rood WB = 35' 

HB = 12.7' 

RV 17 881+00 RR Bridge LB = 151' 20.11 34.13 
WB = 10' 
HB = 13.0' 

RV16B 907+00 Box Culvert 6' X 5' 18.47 18.51 24.50 25.97 
$flndy Hill Dr. LC = 63' 



TABLE 5 (CONT'D) 

DESCRIPTION OF OUTLET STRUCTURES IN RESACA DEL RANCHO VIEJO 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE fiORt1AL TOP OF 
NO. DIS UIS WATER STRUCTURE 

WRFACf. 

RVI6A 907+75 Drop Structure 5' X 5' 18.51 24.50 24.50 24.50 

RV15 969+00 RCP D = 60" 20.01 20.66 24.50 31.85 
LC = liD' 

RVI4 981 +00 RCP D = 60" 21.14 21.50 24.50 32.25 
LC= 103' 

RVI3 1001+00 CBMP D = 48" 22.40 24.25 24.50 27.60 
LC = 21' 

RVI2 1002+50 RCP D = 24" 24.13 24.40 24.50 27.95 
LC = 33' 

RV11 1096+50 CGt1P D = 72" 22.94 23.00 24.50 29.59 
LC = 23' 

RVIO 1120+50 Rep D = 36" 21.44 21.32 24.50 30.47 
LC = 64' 

RV8 1176+50 CGMP 54" X 37" 27.74 27.38 27.75 32.08 
Arch Pipe 
LC = 23' 

RV7B 1281+50 CBMP 2 D = 30" 27.62 25.98 27.75 32.19 
LC = 25' 27.24 26.12 

RV7A 1284+50 CGMP 2 D = 36" 21.80 21.80 27.15 26.80 
1 D = 30" 

RV6B 1364+50 RCP 27.75 30.70 
Ft1 1732 

RV6A 1370+00 RCP 27.75 26.80 

RV5 1463+00 Bridge L B= 23' 19.2 27.75 
Casa Grande HB=14.3' 

WB = 25' 

RV4C Bridge L B= 23' 19.2 27.75 
Balboa HB = 14.3' 

"VB = 25' 



TABLE 5 (CONT'D) 
DESCRIPTIO~ OF OUTLET STRUCTURES IN RESACA DEL RANCHO VIEJO 

STRUCTURE STATION TYPE NUMBER SIZE FLOW LINE NORMAL TOP OF 
NO. DIS UIS WATER STRUCTURE 

SURFACE 

RV4B Bri&;1e LB = 23' 19.2 27.75 
Pizarro HB = 14.3' 

WB = 25' 

RV4A Bri&;1e LB = 23' 18.3 27.75 30.5 
HB = 14.3' 
WB =25' 

RV3 1603+00 Bri&;1e LB = 23' 19.1 27.75 33.0 
Carmen HB = 14.3' 

WB = 25' 

RV21 B rili;)e LB = 23' 19.1 27.75 32.9 
HB = 14.3' 
WB = 25' 

RV2H Bri~ LB = 23' 18.3 27.75 32.8 
HB = 14.3' 
WB =25' 

RV 2G Bri&;1e LB = 23' 19.6 27.75 33.1 
EsconiDn HB = 14.3' 

WB =25' 
RV2F 1739+00 Embankment 

RV2E No Structure 

RV2D CGMP D = 4' 
LC = 20' 

RV2C 

RV2B Embankment 

RY2A CGI'IP D = 30" 
LC = 40' 

RYI 1829+00 RCP 2 D = 6' 
LC = 80' 



The upstream end of the \~atershed starts at u.S. Highway 
231 on the west and extends southeasterly through the Citj 
to join Resaca de la Guerra. From this ~oint, the North 
Main Drain cnannel continues eastward past the airport and 
then north to the Brownsville Ship Channel. Tne extent of 
this watershed is illustrated on the lTIap in Plate 3 in 
Vo 1 ume 11. 

3. Resaca de la Guerra 

The Resaca de la Guerra watershed covers approximately 
3,100 acres and is almost 15 miles along. Its western end 
is near F.M. 3248, and it extends to near F.t~. 1419 
(Southmost Road) on the east. It has been subdivided and 
analyzed in 40 sub-watersheds. The drainage area for this 
resaca subsystem is shown on Plate 4, Volume II. 

Resaca de la Guerra, North Main Drain, and Town Resaca are 
highly interrelated hydraulically for large storm events. 
Tai lwater or water surface elevation conditions at the 
dOlmstream confluence along North Main Drain affect the 
performance of each of the three subsyste:ns. The North 
:~ain Ditch and Resaca de la Guerra watershed divide is 
overtopped in several areas during large floods, and 
storm'water f 1 o,~s are exch angea between the two SUDSYS terns 
depending on their relative stages. 

4. Cameron County Drainage District No. 1 Ditch 

This ditch lies to the north of tne City of Brol'insville 
and drains a watershed of approximately 13,268 acres. It 
is north of the Resaca de la Guerra watershed and south of 
Resaca del Rancho Viejo. The length of this ditch is 
about 11.5 mil es, and it extends from F .l~. 3248 on the 
west to the Rancho Viejo floodway on the east. 

The area covered by this subsystem is identified on the 
map in P 1 ate 5, Vo 1 ume I I . Thi s watershed has been 
divided into 19 sub-watersheds for run-off analyses. 

5. Resaca del Rancho Viejo 

Tnis is the most northerly of the five principal drainage 
subsystems in the study area. This watershed has a 
dra i nage area of approximately 13,824 acres, which has 
been analyzed in 37 sub-watersheds. Tilis drainage system, 
as analyzed, extenas from its upstream end west of Olmito 
and continues easterly for a distance of about 32.6 miles 
until it reaches Cameron County Drainage District No.1 
Ditch. 
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D. Stormwater Pumping Stations 

Four major stormwater pumpin';) stations exist within the City 
Limits of Brownsville. These are: 

1. The Amigoland Pump Station, which is located on the Rio 
Grande levee south of Amigoland Mall, has a rated capacity 
of 36,000 gallons per minute (g.p.m.) [80 cubic feet per 
second (c. f . s. ) J and drains the areas south of the old 
levee. This is an automatic pump with two auxiliary 
diesel engines; 

2. The 12th and 11exico Street Pump Station, located near the 
B&M Railroad bridge into Mexico, drains the sag point area 
of these streets and has a rated capacity of 15,000 g.p.m. 
(33.5 c.f.s.). It is automatically operated. This 
station has three pumps, two of which have auxiliary 
diesel engines; 

3. The 12th and Franton Street Pump Station is located across 
the Rio Grande levee from this intersection. This pU:lq.l 
station has a capacity of 12,000 g.p.ln. (26.8 c.f.s.), 
produced by two electric pumps and is manually operated. 
This iJump station serves the bus depot area and the 
southeast corner of tne downtown area; and, 

4. The Impala Pump Station is the major pump station in tile 
City's drainage system. It is located at the end of 
Impala Street at the Rio Grande levee. It nas a total 
capacity of 162,000 g.p.rn. (362 c.f.s.) and is 
automatically operated. This pump discharges floodwaters 
from the Town Resaca and the North Main Drain subsystems. 
Pictures of this pump station can be seen in Figure 5, 
Vo 1 urne 1. 

The locations of these four stormwater pump stations are snown 
on Plate 7a, Volume II. 

Other pumping facilities exist throughout the City on many of 
the smaller, isolated lakes, ponds, and resacas. These smaller 
pumps were not analyzed as a part of the major watershed 
systems because their capacities are very slnall when compared 
to the large volumes of floodwater generated by the ,najor 
storms used in this study. 

E. Storm Sewer Facilities 

An extensive storm se\~er inventory has been inade to locate and 
determine pertinent hydraulic data on main storm sewer trunks 
within the City Limits. 
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This inventory incluoed data on 275 trunKS throughout the City. 
Tnese data are presented in Table 6, Volullie 1. 
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TABLE 6 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

1=======1=====1==========1=========1=========1=========1=========1=========1============1 
1 1 1 1 1 1 1 1 IACTUAL PIPE I 
1 1 PLNG.I TOTAL IANALYSIS 1 DESIGN IREQUIRED 1 ACTUAL I ACTUAL IPERCENT OF I 
1 TRUNK IDIST.I DRAINAGE 1 STORM IDISCHARGEIPIPE SIZEIPIPE SIZEI DISCHARGE 1 REQUIRED 1 
1 NO. 1 NO. 1 AREA IFREQUENCYI IAT OUTLETIAT OUTLETICAPACITY 1 CAPACITY I 
I 1 1 (acres) 1 (years) 1 (cfs) 1 1 1 (cfs) 1 (% ) 1 
1=======1=====1==========1=========1=========\=========1=========1=========1============ 
ITR0301 I 1 1 5.30 5 17 1 1 @ 33" 1 1 @ 24" 1 8 1 47% 
ITR0302 1 1 1 21.50 5 45 1 2 @ 54" 1 1 @ 42" 1 14 1 31% 
iTR0401 1 1 1 31.42 5 81 1 1 @ 54" 1 1 @ 24" 1 12 I 15% 
ITR0402 1 1 1 11. 16 5 36 1 1 @ 42" 1 1 @ 24" 1 10 1 28% 
1 TR050 1 1 1 1 56.30 25 305 I 3 @ 60" 1 1 @ 24" 1 9 -I 3% 
ITR0601 1 1 1 58.96 25 324 1 3 @ 60" 1 1 @ 42" 54 1 17% 
ITR0701 1 1 1 68.82 25 236 1 5 @ 60" 1 1 @ 18" 2 1 1% 
iTR0801 1 1 1 35.72 5 90 1 1 @ 60" 1 1 @ 3~'' 17 1 19% 
ITR0901 1 1 1 22. 17 5 61 1 2 @ 54" 1 1 @ 20" 3 1 5% 
IFBOl 1 2 1 23.41 25 193 1 2 @ 54" 1 1 @ 18" 5 I 3% 
1 RRS020 11 2 1 6.57 25 60 1 1 '@ 27" 1 1 @ 18" 21 I 35% 
IRRS02021 2 I 20.84 25 129 1 1 @ 60" 1 1 @ 36" 42 33% 
IRRS02031 2 1 105.32 25 447 1 3 @ 60" I 1 @ 42" 79 18% 
ITR2001A 2 1 107.32 25 621 1 4 @ 72" 1 1 la 36" 42 7% 
ITR2001B 2 17.01 25 101 1 1 @ 54" I 1 @ 36" 49 49% 
ITR2001D 2 5.72 25 50 I 1 @ 42" 1 1 @ 12" 2 4% 
ITR2002 2 54.74 25 414 \ 2 @ 60" 1 1 @ 38" 108 26% 
INM0101 3 101 .38 25 359 1 2 @ 60" I 1 @ 36" 71 20% 
INM0102 3 46.33 10 135 I 2 @ 54" I 1 @ 24" 9 7% 
IRRS0301 3 25.78 5 73 1 @ 54" 1 1 @ 36" 32 44% 
INM0103 3 28.86 5 79 1 @ 48" 1 1 @ 24" 18 23% 
ICC0441 4 21 .59 5 73 1 @ 42" 1 1 @ 42" 118 162% 
ICC0442 4 28.96 5 88 1 @ 48" 1 1 @ 42" 139 158% 
1 NI'1l40 1 5 34.96 25 134 1 @ 60" 1 1 @ 60" 199 149% 
INM1402 5 86.51 10 199 3 @ 54" 1 1 @ 3~'' 21 11% 
INM1403 5 22.76 5 69 1 @ 42" 1 1 @ 18" 10 14% 
INM1404 5 79.19 10 298 1 la 60" 1 @ 3~'' 53 18% 
INM1405 5 3.43 25 31 1 @ 33" 1 @ 18" 8 26% 
INM1406 5 7.35 25 68 1 @ 39" 1 @ 18" 10 15% 
INM1407 5 41.28 25 294 8 @ 60" 1 @ 36" 13 4% 
INM1408 5 21.58 25 176 2 @ 60" 1 @ 36" 42 24% 
JTR3601 5 10.45 5 32 1 @ 42" 1 @ 12" 1 3% 
ITR3602 1 5 31.16 5 77 1 @ 42" 2 @ 21" 36 47% 
ITR4101AI 5 4.41 5 13 1 @ 42" 1 @ 24" 4 31% 
ITR4101BI 5 6. 17 5 20 1 @ 36" 1 @ 24" 8 40% 
ITR4601 1 5 11 .94 5 36 1 @ 33" 1 @ 18" 8 22% 
ITR1601 1 6 5.01 5 11 1 @ 27" 1 @ 10" 1 9% 
ITR1602 1 6 28.47 5 64 1 @ 54" 1 @ 10" 1 2% 
ITR1701AI 6 30.57 5 79 2 @ 54" 1 @ 42" 45 57% 
ITR1701BI 6 6.15 5 20 1 @ 33" 1 @ 12" 1 5% 
ITR1701CI 6 14.80 5 46 1 @ 33" 1 @ 12" 3 7% 
ITR1801 1 6 61.49 10 218 3 @ 54" 1 @ 12" 2 1% 



TABLE 6 (CONT'D) 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

=======/=====/==========/=========/=========/=========/=========/=========/============/ 
/ / / / / / / IACTUAL PIPE I 
I PLNG·I TOTAL IANALYSIS I DESIGN IREQUIRED I ACTUAL / ACTUAL IPERCENT OF I 

TRUNK /DIST./ DRAINAGE I STORI4 IDISCHARGE/PIPE SIZE/PIPE SIZEIDISCHARGE/ REQUIRED / 
NO. I NO. I AREA IFREQUENCYI IAT OUTLETIAT OUTLET/CAPACITY I CAPACITY I 

I I (dcres) / (yedrs) I (efs) I I / (efs) I (%) I 
=======/=====I==========/===~=====I=========I=========1=========1=========1============1 
TR2004 / 6 I 6.83 I 25 I 50 I 1 @ 33" I 1 @ 18" / 1 1 / 22% 
TR2005 / 6 I 6.04 I 25 I 39 I 1 @ 42" I 1 @ 18" I 4 / 10% 
TR2006 / 6 / 3. 13 I 25 / 24 / 1 La 36" / 1 @ 12" / 2 I 8% 
TR2201 I 6 / 20.13 / 5 / 68 / 1 @ 33" / 1 @ 18" I 14 I 21% 
TR2202 / 6 I 32.14 I 5 I 96 / 1 @ 60" I 1 @ 14" I 2 - I 2% 
TR2601 I 6 I 8.11 I 5 I 26 I 1 @ 36" I 1 @ 18" I 4 I 15% 
TR2602 / 6 I 5.64 I 5 I 18 / 1 @ 33" I 1 @ 18" I 4 I 22% 
TR2901AI 6 I 193.42 I 25 / 864 III @ 60" I 1 @ 48" / 45 / 5% 

ITR2901E/ 6 I 17.31 I 25 / 65 I 1 @ 48" / 1 @ 18" 5 I 8% 
ITR2901F/ 6 / 22.92 / 5 I 56 I 1 @ 42" / 1 @ 12" 2 I 4% 
/TR2901H/ 6 / 30.80 / 5 / 133 / 2-@ 48" I 1 @ 18" 6 I 5% 
ITR2902 / 6 I 49.03 / 10 I 135 / 2 (d 60" / 1 @ 30" 12 / 9% 
/NM2101 / 7 / 92.14 I 10 / 260 I 3 @ 54" I 1 @ 36" 31 / 12% 
INM2102 / 7 I 48.03 I 10 I 187 I 2 @ 60" I 1 @ 24" 10 I 5% 
/NM2301AI 7 I 47.03 I 10 I 222 / 3 @ 54" I 1 @ 54" 85 / 38% 
I TR 1101 I 7 / 25.71 I 25 I 126 I 2 @ 54" / 1 @ 24" 14 11% 
/TR1201 I 7 I 71.45 I 25 / 433 / 3 @ 60" I 1 @ 24" 15 3% 
/TR1301 / 7 I 14.92 / 25 / 86 I 1 @ 48" I 1 @ 24" 26 30% 
ITR1302 / 7 I 40.84 / 25 / 218 / 2 La 54" I 1 @ 24" 22 10% 
ITR1401 I 7 I 17.42 / 25 / 96 I 3 @ 60" / 1 @ 14" 1 1% 
lTR1402 / 7 / 6.83 / 25 I 60 / 1 @ 60" / 1 @ 14" 2 3% 
/TR2901B/ 8 I 16.82 / 25 / 95 / 1 @ 60" / 1 @ 18" 4 4% 
ITR2901CI 8 / 14.26 / 25 / 67 / 2 @ 42" / 1 @ 20" 5 7% 
/TR2901DI 8 I 10.20 / 5 I 32 1 @ 42" 1 @ 18" 7 22% 
/TR3301A/ 8 I 223.05 / 25 I 608 6 La 60" 1 @ 42" 42 7% 
/TR3303 I 8 / 15.86 / 25 / 54 1 @ 42" 1 @ 36" 38 70% 
/TR3304AI 8 / 85.12 / 25 / 351 2 @ 60" 1 @ 15" 5 1% 
ITR3304B/ 8 / 22.97 I 25 I 90 1 @ 48" 1 @ 14" 5 6% 
ITR3304C/ 8 / 11. 93 / 25 I 84 1 @ 48" 1 @ 14" 4 5% 
/NM0501 I 9 I 16.28 I 5 / 53 2 @ 48" 1 @ 18" 2 4% 
INM0601 / 9 I 14.29 / 5 / 46 1 @ 36" 1 @ 24" 18 39% 
INM0602 I 9 I 4.04 / 5 I 12 1 @ 27" 1 @ 24" 9 75% 
/NM0603 / 9 / 7.49 / 5 I 22 1 @ 36" 1 @ 24" 9 41% 
/TR4301 / 9 / 61.87 I 10 I 207 3 @ 60" 1 @ 24" 9 4% 
/TR4401 / 9 / 23.45 I 5 / 61 1 @ 54" 1 @ 36" 28 46% 
/TR4402 / 9 / 27.44 / 5 I 83 2 @ 60" 1 @ 18" 2 2% 
/TR4501 / 9 / 8.89 / 5 I 29 1 @ 42" 1 @ 14" 2 7% 
/CC1305 / 10 / 31.81 I 25 I 215 2 Cd 60" 1 @ 42" 54 25% 
/CC1306 / 10 / 53.9 / 25 I 319 3 @ 60" 2 @ 39" 84 26% 
ICC1307 / 10 / 60.28 / 25 / 316 4 @ 60" 2 @ 24" 16 5% 
ICC1308 I 10 / 60.6 / 25 I 358 4 @ 60" 1 @ 42" 42 12% 
/CC1310 / 10 / 29.72 I 25 / 191 3 @ 54" 1 @ 24" 10 5% 



TABLE 6 (CONT'D) 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

1=======1=====1==========1=========1=========1=========1=========1=========1============1 
I I I I I I I I IACTUAL PIPE I 
I IPLNG.I TOTAL IANALYSIS I DESIGN IREQUIRED I ACTUAL I ACTUAL IPERCENT OF I 
I TRUNK IDIST·I DRAINAGE I STORr~ IDISCHARGEIPIPE SIZEIPIPE SIZEIDISCHARGEI REQUIRED I 
I NO. I NO. I AREA IFREQUENCYI IAT OUTLETIAT OUTLETICAPACITY 1 CAPACITY I 
I 1 1 (acres) 1 (years) 1 (cfs) 1 I I (cfs) 1 (%) 1 
1=======1=====1==========1=========1========= =========1=========1=========1============ 
ICC1311 I 10 I 148.31 I 25 I 443 10 @ 60" I 1 @ 60" I 47 I 11 % 
ICC1312 I 10 I 16.68 I 25 I 111 1 @ 60" I 1 @ 24/1 I 11 I 10% 
ICC1313 I 10 I 32.76 1 5 I 97 1 @ 60" I 1 @ 30" I 25 I 26% 
ICC1314 I 10 I 30.73 I 25 I 162 2 @ 54" I 1 @ 24/1 I 10 I 6% 
ICC1315 I 10 I 29.66 I 25 I 211 3 @ 60" I 1 @ 30/1 I 14 . I 7% 
ICC1316 I 10 I 27.84 I 25 1 181 3 @ 54" I 1 @ 18/1 I 4 2% 
ICC1317 I 10 I 8.52 I 25 I 51 1 @ 48" I 1 @ 24" I 25 49% 
ICC1318 I 10 I 5.44 I 25 I 42 1 @ 42/1 I 1 @ 18" I 4 10% 
ICC1319 I 10 I 7.05 I 25 I 54 1 @ 48" I 1 @ 18/1 I 4 7% 
IMN3306 I 10 I 50.83 I 25 I 277 3 Ca 60" I 1 La 42/1 I 38 14% 
INM3302 I 10 I 29.89 I 25 I 190 2 @ 60" I 1 @ 30" I 17 9% 
INM3303 I 10 I 24.9 I 25 I 168 2 @ 60" I 1 @ 24" I 9 5% 
I NI>13304 I 10 I 10.58 I 25 I 69 I 1 @ 54" I 1 @ 36" I 28 41% 
I Nr~3305 I 10 I 58.45 I 25 I 321 I 3 @ 60" I 1 @ 42" I 42 13% 
I Nr>13307 I 10 I 47.39 I 25 I 244 I 3 @ 60" I 1 @ 48" I 60 25% 
I NM3308 I 10 I 78.9 I 25 I 480 I 4 @ 60" I 1 @ 48" I 69 14% 
INM3309 I 10 I 145.72 I 25 I 635 III @ 60" I 1 @ 48/1 I 34 5% 
INM3310 I 10 I 13. 15 I 25 94 1 1 @ 54" I 1 @ 24" I 12 13% 
INM3311 I 10 I 26.30 I 25 164 I 2 @ 60/1 I 1 @ 42" I 42 26% 
INM3312 I 10 I 35.00 I 25 215 I 1 @ 60/1 I 1 @ 24" I 22 10% 
INM3313 I 10 I 133.41 I 25 760 III @ 60" I 1 @ 36" I 19 3% 
I NM 1301A I 1 1 I 85.25 I 25 539 1 5 @ 60" I 1 @ 48/1 I 60 11% 
INI>11301BI 11 I 17.67 I 25 160 I 1 @ 54" I 1 @ 24/1 I 19 12% 
INM1402 I 1 1 31.25 I 25 287 I 3 @ 60" I 1 @ 30" I 19 7% 
IRG3101 I I 1 2.91 I 5 9 I 1 @ 27" I 1 @ 12" I 1 11% 
I RG3102 I 1 1 25.19 I 5 81 I 3 Cd 60" I 1 @ 18/1 I 1 1% 
IRG3103 1 11 7.71 I 25 71 I 1 @ 54" I 1 @ 24" I 9 13% 
ICC0701 I 12 6.78 I 5 21 I 1 @ 36" I 1 @ 18/1 I 4 19% 
ICC0702 I 12 3.47 I 5 11 I 1 @ 27" I 1 @ 24" 1 9 82% 
ICC0703 I 12 32.99 I 5 86 I 1 @ 60" I 1 @ 30" I 18 21% 
INM1601 I 12 14.29 I 5 45 I 1 @ 48" I 1 @ 30/1 I 13 29% 
INM1801AI 12 71.45 I 10 38 I 2 @ 54" \ 1 @ 36" I 33 87% 
\NM1801B\ 12 46.62 I 10 149 I 3 @ 60" \ 1 @ 18/1 \ 2 1% 
INM1802 \ 12 12.04 I 5 35 I 1 @ 48" I 1 @ 36" \ 54 154% 
\NI>11901AI 12 20.02 \ 5 49 I 1 @ 48" I 1 @ 30" I 17 35% 
INM1901B\ 12 3.88 \ 5 13 \ 1 @ 27" I 1 @ 18" \ 6 46% 
INM1902 \ 12 3.36 I 5 11 \ 1 @ 30" I 1 @ 18/1 I 3 27% 
IRG2101 I 12 4.86 I 5 16 I 1 @ 42" I I @ 24/1 I 5 31% 
IRG2601 I 12 29.44 I 5 51 I 4 @ 60" I 1 @ 24" I 1 2% 
IRG2602 I 12 20.78 I 5 65 \ 2 @ 60" I 1 @ 36" I 9 14% 
IRG2603 I 12 7.27 I 5 24 I 1 @ 36" I 1 (d 24" I 10 42% 
IRG2604 I 12 21.34 I 5 69 I 1 @ 54" I 1 @ 24" I 9 13% 



ThBLE 6 (CONT'O) 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

1=======1=====1==========1=========1=========1=========1=========1=========1============1 
I 1 1 1 I 1 1 I IACTUAL PIPE I 
1 IPLNG. TOTAL IANALYSIS I DESIGN IREQUIREO I ACTUAL I ACTUAL IPERCENT OF I 
I TRUNK 10IST. DRAINAGE I STORM 10ISCHA~GEIPIPE SIZEIPIPE SIZEIOISCHARGEI REQUIRED I 
I NO. I NO. AREA IFREQUENCYI IAT OUTLETIAT OUTLETICAPACITY I CAPACITY I 
I 1 (acres) I (years) I (cfs) I I I (cfs) I (%) 1 
1======= ===== ==========1=========1=========1=========1=========1=========1============ 
IRG2605 12 20.41 I 5 I 66 I 1 @ 48" 1 1 @ 24" 1 12 1 18% 
IRG2901 12 86.91 1 10 1 283 I 6 @ 60" I 1 @ 36" 1 15 I 5% 
1 RG2902 12 3.93 1 5 I 13 1 1 @ 27" I 1 La 1 8" 1 5 I 38% 
IRG2903 12 5.80 I 5 I 19 I 1 @ 33" I 1 @ 18" I 4 I 21% 
IRG3001 12 33.59 1 5 1 109 1 1 @ 48" I 1 @ 18" I 9 I 8% 
I NM2401 13 11. 79 1 5 I 38 I 1 @ 42" 1 1 @ 24" I 10 I 26% 
INM2402 13 24.211 5 I 78 11@48"ll@36"1 38 I 49% 
INM2403 13 25.49 I 5 I 82 1 2 @ 48" I 1 @ 18" I 3 1 4% 
INM2404 13 49.29 I 10 I 169 1 2 @ 54" 1 1 @ 24" I 13 I 8% 
I NM2405 13 23.00 I 5 I 69 1 1 @ 54" I I @ 24" I 8 I 12% 
INM2406 13 38.04 1 25 I 280 1 2 @ 60" I 1 @ 42" I 62 1 22% 
INM2407 13 5.43 1 5 I 23 1 I @ 30" I 1 @ 24" 15 I 65% 
INM2409 13 45.77 I 10 1 138 110 @ 60" I I @ 36" 4 I 3% 
INM2410 13 13.99 1 5 1 60 1 I @ 42" 1 I @ 24" 14 I 23% 
I NM2411 13 14.10 I 5 I 46 1 1 @ 42" I 1 @ 24" 14 I 30% 
INM2501 13 63.15 I 10 I 216 I 2 @ 60" I I @ 30" 21 I 10% 
INM2601 13 109.40 I 25 I 370 I 4 @ 60" 1 I @ 24" 10 I 3% 
I TRO 10 1 13 54.51 I 10 I 145 I 3 @ 54" I I @ 48" 45 I 31 % 
ITR0102 13 14.29 I 25 1 110 I 2 @ 48" I I @ 18" 4 1 4% 
I TR0103 13 4.85 1 25 I 37 I 1 @ 42" I I @ 18" 4 I 11% 
ITR0104 13 6.35 I 25 1 49 1 I @ 48" I I @ 18" 4 I 8% 
ITR0106 13 1.98 1 25 I 14 I 1 @ 36" I 1 @ 36" 112 I 800% 
ITR0107 13 26.59 1 25 I 213 I 3 @ 54" 1 I @ 24" 9 I 4% 
ITR0201 13 97.63 I 10 I 262 1 3 @ 60" I I @ 36" 25 1 10% 
ITR0202 13 8.37 I 5 I 27 I I @ 36" 1 I @ 12" 1 1 4% 
ITRIOOI 13 1.95 I 25 I 14 I I @ 24" I I @ 24" 39 I 279% 
ITRI002 13 2.98 I 25 I 28 I 1 @ 24" I I @ 24" 32 1 114% 
ITRI003 13 6.02 1 25 I 55 I I @ 30" I I @ 24" 33 60% 
ITRI004 13 19.14 I 25 I 176 I I la 48" 1 1 @ 18" 15 9% 
ITR4801 13 14.50 1 5 I 42 I I @ 48" I 1 @ 30" 13 31% 
I TR4802 13 41. 17 I 5 I 78 I 2 @ 60" I 1 @ 24" 4 5% 
ITR4803 13 6.65 I 5 I 2011@39"11@24" 6 30% 
ITR4804 13 28.57 I 5 I 88 I I @ 54" I I @ 30" 23 26% 
ITR4805 13 27.59 I 5 I 85 I I @ 48" I 1 @ 24" 16 19% 
I TR4806 13 18.44 I 5 I 60 I 6 La 60" I I @ 24" I 2% 
INM2501 14 4.39 1 5 I 14 I 1 @ 30" I I @ 24" 8 57% 
INM2502 I 14 4.50 I 5 1 15 I I @ 27" I I @ 24" 12 80% 
INM32AOII 14 36.67 I 5 I 110 I 1 @ 60" I 1 @ 24" 11 10% 
INM32A021 14 3.42 I 5 I 11 I I @ 18" I I @ 18" 19 173% 
I NM32A031 14 5. 18 I 5 I 17 I I @ 18" I 1 @ 18" 19 112% 
INM32BOII 14 9.77 1 5 I 31 I I @ 3~'' I 1 @ 18" 8 26% 
INM32B021 14 3.27 I 5 I 11 I I @ 24" I 1 @ 24" 24 218% 



TABLE 6 (CONT'D) 
STORM SEWER TRUNK INVENTORY ~ND ANALYSIS SUMMARY 

1=======1=====1==========1=========1=========1=========1=========1=========\============\ 
1 1 1 \ 1 1 1 1 IACTUAL PIPE \ 

1 IPLNG.I TOTAL IANALYSIS 1 DESIGN IREQUIRED 1 ACTUAL 1 ACTUAL IPERCENT OF \ 

\ TRUNK IDIST.I DKAINAGE 1 STORI~ IDISCHARGEIPIPE SIZEIPIPE SIZE\DISCHARGEI REQUIRED 1 
NO. \ NO. I AREA IFREQUENCYI \AT OUTLETIAT OUTLETICAPACITY I CAPACITY I 

\ I (acres) I (years) I (efs) I I \ (efs) I (% ) I 
=======1=====1==========\=========1=========1=========1========= =========1============1 
RG1501 1 14 I 3.70 I 5 12 1 1 Cd 33" I 1 @ 24" 6 \ 50% 
CC0704AI 15 I 40.35 I 10 124 \ 3 @ 48" I 1 @ 42" 30 I 24% 
CC0704B 15 I 22.90 I 5 73 I 1 @ 54" I 1 @ 30" 18 I 25% 
NM2001 15 I 6.65 I 25 43 I 1 @ 48" 1 1 @ 24" 9 I 21% 
NM2003 15 I 7. 16 1 25 5 J 1 2 @ 48" 1 1 @ 30" 10 - 1 20% 
NM2004 15 I 16.08 I 25 122 1 1 @ 54" I 1 @ 36" 55 45% 
NM2005 15 I 63.75 I 25 535 1 7 @ 60" I 1 @ 30" 14 3% 
NM2006 15 I 89.99 1 10 341 1 4 @ 60" 1 1 @ 30" 17 5% 
RG2101 15 1 14.23 I 5 45 I 1 @ 54" 1 1 @ 30" 13 29% 
RG2102 15 I 30.26 I 5 83 I 1 @ 60" I 1 @ 30" 17 20% 
RG2103 15 I 12.53 I 5 40 I 1 @ 42" I 1 @ 24" 9 23% 
RG2104 15 I 5.51 I 5 18 I 1 @ 24" I 1 @ 24" 28 50% 
RG2105A 15 I 6.10 I 5 56 1 2 @ 54" I J @ 24" 4 22% 
KG2105B 15 I 6.10 I 5 20 I 1 @ 42" I 1 @ 30" 8 40% 
RG2105C 15 I 6.10 I 5 20 1 1 @ 48" I 1 @ 24" 4 20% 
RG2201 15 1 37.06 1 5 1 J 9 1 1 @ 48" 1 1 @ 24" 10 8% 
RG2401 15 I 198.35 1 25 531 1 5 @ 60" I 1 @ 42" 47 9% 
CC0403 1 17 I 3.86 I 5 13 1 @ 27" I 1 @ 24" 10 77% 
CC0404 I 17 4.78 I 5 15 1 ld 30" 1 1 @ 24" 11 73% 
CC0405 1 17 3.16 1 5 10 1 @ 24" I 1 @ 18" 5 50% 
CC0406 1 17 2.83 1 5 9 1 @ 24" 1 1 @ 18" 5 56% 
CC0407 1 17 2.02 1 5 7 1 @ 24" I 1 @ 18" 5 71% 
CC0408 1 17 52.77 1 10 152 4 @ 60" I 1 @ 36" 13 9% 
CC0409 1 17 21.05 1 5 68 1 @ 60" I 1 @ 30" 13 19% 
CC0410 1 17 19.50 1 5 63 1 Cd 48" I 1 @ 36" 31 49% 
CC0411 1 17 13.21 I 5 43 1 @ 42" 1 @ 24" 11 26% 
CC0412 1 17 6.98 I 5 19 1 @ 33" 1 @ 24" 11 58% 
CC0413 1 17 14.69 1 5 1 47 1 @ 48" 1 @ 30" 19 40% 
CC0414 1 17 5.41 1 5 1 18 1 @ 30" 1 @ 24" 11 61% 
CC0415 17 6.43 1 5 I 21 1 @ 36" 1 @ 24" 9 43% 
CC0416 17 4.08 1 5 1 13 1 @ 27" 1 @ 18" 5 38% 
CC0417 17 19.69 1 5 1 64 1 @ 48" 1 @ 36" 40 63% 
CC0418 17 4.26 1 5 1 14 1 @ 27" 1 @ 24" 11 79% 
CC0419 17 4.66 I 5 I 15 1 @ 30" 1 @ 24" 1 1 73% 
CC0420 17 15.53 1 5 1 50 1 @ 48" 1 @ 30" 19 38% 
CC0421 17 4.70 1 5 1 15 1 @ 30" 1 @ 18" 4 27% 
CC0422 17 23.91 1 5 I 77 1 @ 60" 1 @ 24" 8 10% 
CC0423 17 3.78 1 5 I 12 1 @ 36" 1 @ 18" 2 17% 

ICC0424 17 25.42 1 5 1 82 1 ld 60" 1 @ 24" 8 10% 
ICC0425 17 3.74 1 5 1 12 1 @ 27" 1 @ 18" 4 33% 
ICC0426 17 19. 17 1 5 1 62 1 @ 48" 1 @ 18" 5 8% 
ICC0427 17 5.95 1 5 1 19 1 @ 33" 1 @ 18" 4 21% 



TABLE 6 (CONT'D) 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

1=======1=====1========== =========1========= =========1=========1=========1============1 
1 I 1 1 1 I IACTUAL PIPE 1 

1 1 PLNG·I TOTAL ANALYSIS 1 DESIGN REQUIRED 1 ACTUAL 1 ACTUAL IPERCENT OF 1 
1 TRUNK IDIST.I DRAINAGE STORM IDISCHARGE PIPE SIZEIPIPE SIZE/DISCHARGEI REQUIRED / 

1 NO. I NO. 1 AREA FREQUENCY/ AT OUTLETIAT OUTLET/CAPACITY 1 CAPACITY 1 
/ 1 1 (acres) (years) I (cfs) 1 1 (cfs) 1 (%) 1 
1=======1=====1========== =========1========= =========1=========1=========1============1 
ICC0428 1 17 1 7.05 5 23 1 @ 36" 1 1 @ 24" / 9 39% 1 
ICC0429 1 17 1 1.20 5 22 1 @ 24" I 1 @ 24" I 1 1 50% 1 
ICC0430 1 17 / 28.98 5 94 2 @ 60" 1 1 @ 30" I 8 9% 1 
ICC0431 1 17 1 16.08 5 52 1 @ 48" 1 1 @ 24" 1 10 19% 1 
ICC0432 1 17 / 69.60 10 264 4 @ 60" 1 1 @ 36" / 18 - 7% / 

ICC0433 I 17 1 17.70 5 57 1 @ 48" 1 1 @ 36" I 31 54% 1 
ICC0434 1 17 1 29.75 5 95 1 @ 50" 1 1 @ 3~'' 1 19 20% 1 
ICC0435 1 17 1 50.61 10 192 2 @ 60" 1 1 @ 3~'' 1 19 10% 1 
ICC0436 1 17 1 5.33 5 17 1 @ 30" I 1 @ 24" 1 1 1 65% 1 
ICC0437 1 17 1 5.40 5 17 1 @ 30" I 1 @ 24" 1 1 1 65% 1 
ICC0438 1 17 1 1.69 5 6 1 @ 21" 1 1 @ 18" 1 5 83% 1 
1 CC0439 1 17 1 18.95 5 61 1 @ 54" 1 1 Ld 54" I 143 234% 1 
ICC0440 I 17 1 18.21 5 59 1 @ 42" 1 1 Ld 42" I 91 154% 1 
IRR0201 1 18 1 32.62 25 289 3 @ 60" 1 1 @ 48" I 63 22% 1 
IRR0202 1 18 1 28.28 25 252 6 @ 54" 1 1 @ 48" I 35 14% 1 
IRR0203 / 18 1 7.82 25 70 1 @ 54" I 1 @ 15" 1 3 4% 1 
IRR0204 1 18 I 20.86 25 164 3 @ 54" 1 1 @ 48" 1 42 26% 1 
/CC1301 / 20 / 20.05 5 57 2 @ 54" 1 1 @ 24" / 4 7% 1 
CC1302 1 20 1 7. 16 5 23 1 @ 27" 1 1 @ 24" 1 17 74% I 
CC1303 1 20 1 4.66 5 15 1 @ 30" 1 1 @ 30" 1 23 153% 1 
CC1304 1 20 / 4.29 5 14 1 @ 30" I 1 Ld 30" / 27 193% / 
RG1501 1 20 1 12.67 5 37 1 @ 42" / 1 @ 24" I 1 1 30% 1 
RG1502 1 20 1 9.22 5 29 1 @ 48" 1 1 @ 24" I 9 31% 1 
RG1901 1 20 1 7.78 5 25 1 @ 36" 1 1 @ 18" 1 4 16% 1 
RG1902 1 20 1 8.50 5 28 1 @ 36" 1 1 @ 18" I 4 14% I 
RG1903 1 20 1 7.19 5 23 1 @ 36" / 1 @ 18" 1 4 17% 1 
RG1904 I 20 1 26.75 5 81 1 @ 54" / 1 @ 24" / 9 11% 1 
RG1905 / 20 9.14 5 30 1 @ 42" / 1 @ 18" 1 4 13% 1 
RG1906 1 20 10.06 5 33 1 @ 36" 1 1 @ 18" 1 6 18% 1 
RG1907 1 20 17.70 5 56 1 @ 48" 1 1 @ 30" 1 17 30% 1 
CC0401AI 21 60.70 25 214 5 @ 60" 1 1 @ 36" 1 12 6% 1 
CC0401BI 21 36.73 25 251 3 @ 60" 1 1 @ 24" 1 9 4% 1 
NM2602 1 22 4.29 5 13 1 @ 36" 1 1 @ 36" 1 25 192% 1 
NM2605 1 22 6.65 5 21 1 @ 36" 1 1 @ 24" 1 9 43% 1 

INM2606 I 22 10.57 5 32 1 @ 42" 1 1 Ld 18" 1 1 1 34% I 
INM2701 1 22 2.31 5 7 1 @ 24" 1 1 @ 24" 1 9 129% 1 
INM2702 I 22 21.34 5 67 1 La 54" 1 1 @ 24" 1 9 13% 1 
INM2703 1 22 4.11 5 13 1 @ 30" 1 1 @ 24" 1 9 69% 1 
INM2704 1 22 4.88 5 15 1 @ 33" 1 1 @ 24" 1 8 53% 1 
INM2705 / 22 6.02 5 19 1 @ 36" 1 1 @ 18" 1 4 21% 1 
1 NM28AOli 22 7.82 5 25 1 @ 3~'' 1 1 @ 18" 1 7 28% 1 
1 NM28A02 1 22 8.70 5 28 1 @ 36" 1 1 @ 18" 1 5 18% 1 



TABLE 6 (CONT'D) 
STORM SEWER TRUNK INVENTORY AND ANALYSIS SUMMARY 

1=======1=====1==========1=========1=========1=========1=========1=========1============1 
I I I I I I I I IACTUAL PIPE I 
I IPLNG·I TOTAL IANALYSIS I DESIGN IREQUIRED I ACTUAL I ACTUAL IPERCENT OF I 
1 TRUNK IDIST.I DRAINAGE I STORI~ IDISCHARGEIPIPE SIZEIPIPE SIZEIDISCHARGEI REQUIRED 1 
1 NO. 1 NO. I AREA JFREQUENCYI \AT OUTLETIAT OUTLETICAPACITY 1 CAPACITY \ 
1 I 1 (acres) 1 (years) I (cfs) I I I (cfs) 1 (%) I 
1=======1=====1==========1=========1=========\=========1=========1=========1============1 
I NM 2 8 B 0 1 1 22 I 1 8 • 25 1 5 1 55 \ 1 @ 48" I 1 @ 30" 1 1 8 1 3 3 % I 
1 NM28B021 22 I 21. 23 I 5 I 61 I 1 @ 48" I 1 @ 30" \ 21 \ 34% I 
\NM28B03\ 22 I 17.55 1 5 I 52 I 1 @ 36" I 1 @ 36" \ 68 1 131% I 
INM2901 \ 22 I 24.72 1 5 I 71 \ 1 @ 60" I 1 @ 36" \ 20 I 28% I 
ITR4807\ 22138.12 I 5 \ 89 11@60"ll@30"\ 36·1 40% I 

_ ITR4809 I 22 1 3.41 I 5 I 11 I 1 @ 27" I 1 @ 18" I 4 I 36% \ 
ITR4808 I 22 \ 48.48 \ 10 \ 164 I 2 @ 60" lILa 48" I 60 I 37% \ 
\ RR230 1 1 23 1 45.98 I 10 \ 115 \ 1 @ 60" I 1 @ 24" I 60 \ 52% I 
IRV2301 I 27 I 5.29 I 5 I 17 I 1 @ 24" I 1 @ 24" I 21 1 123% 1 
IRV2302 I 27 I 4.70 I 5 I 15 I 1 Ld 24" I 1 @ 24" I 21 I 138% I 
I RV2303 1 27 I 2.35 1 5 I 8 I 1 '@ 18" \ 1 La 18" I 10 I 132% \ 
1 RV2304 I 27 I 2.37 I 5 I 8 I 1 @ 24" I 1 @ 24" I 21 \ 273% I 
\RV2305 \ 27 I 5.40 I 5 I 17 I 1 @ 27" I 1 @ 24" I 16 \ 94% I 
I NM32A04 I 31 I 14.18 I 5 I 46 \1 @30" 11 @30" \ 53 I 115% I 
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IV. PLANNING AND DESIGN C~ITERIA 

A. Analysis Criteria 

The existing drainage system has Oeen analyzed oased on a set 
of cr i teri a and procedures deve loped in conj unct i on with the 
City Engineering and Planning Departments. These criteria were 
a;Jplied to the major structures in tne planning area to 
determine their adequacy with regard to the storm magnitudes 
and conditions normally used in prudent engineering design. 

The existing system has been analyzed in two portions--the 
major facilities (resacas and ditches) and the minor facilities 
(storm sewer trunks). 

1. Major Facilities 

The major drainage facilities have been analyzed for their 
abi 1 ity to convey stormwater run-off for rainfall events 
with recurrence intervals of 2, 5, 25, and 100 years. 
These storm magnitudes have provided sufficient spread of 
results to allow interpolation for other intennediate 
frequency storms for elevations or flows at various points 
throughout the drainage subsystems. 

The existing major facilities have been analyzed for run
off characteristics as they exist now for present soil 
conditions and land development. The analysis of future 
run-off conditions in developing areas have been based on 
land-use projections obtained from the City of Brownsville 
P 1 anni ng Department. The increased 1 and-use dens ity has 
been represented by an increased value of imperviousness 
for the suo-watersheds affected. 

2. Minor Facilities 

The minor system, consisting of the main storm sewer 
trunks and their contributing drainage areas, has been 
analyzed as follows: 

The R.ational Method was used for determination of 
discharge, and parameter values and procedures found in 
the "Hydraulic Manual of the Texas Highway Department" 
(State Department of Highways and Public Transportation) 
were applied. 
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Run-off coefficients that were used in an31ysis of the 
drainage areas contributing to the existing trunl< lines 
are listed in Table 7 shown belo~. 

TABLE 7 
RUN-OFF COEFFICIENTS 

TYPE OF AKEA OK LAND USE 

Parks or Open Areas 
Residential 
Industrial 
Apartments 
Commercial 
Central Business District 

RUN-OFF COEFFICIENT "C" 

0.35 
0.50 
0.70 
0.75 
0.90 
0.90 

Initial inlet time was set at 15 minutes for analyses of 
all the storm sewer trunks except in com,nercial and 
industrial areas, where the initial inlet time was set at 
10 minutes. This provided for a more conservative (higher 
intensity) storm flow. 

This aided in consistency Ylitn future design criteria 
procedures to require more inlets throughout the City. 

Hare inlets wi 11 l1elp to orain tile streets and to reduce 
flooding, as well as paving failure problems. 

Storm frequency is the frequency with whi cl1 a given storm 
is equaled or exceeaed, on the average, once in a period 
of years. Thus, a 5-year s tom wou 1 d be expected to be 
equaled or exceeded 20 times in 100 years. 

Storm frequencies used for analysis of the storm se\~er 
trunks are shown in Taole 8, Volume I. 

The existing system has been assumed to be comprised of 
concrete pipe with a Manning's "n" value of 0.014, unless 
other material is noted in the field inventory. The 
values for Manning's "n" for concrete pipe can range from 
0.013 to 0.017. The existing system pipes that have been 
analyzed are older and have more debris and rough joints 
inside than new pipes. The value of 0.014 was selected to 
represent this condi tion and allow rapid comparison with 
new pipes being designed and evaluated. 
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TABLE 8 
STOkM FREUUENCIES USED FOR A~ALYSIS 

TYPE OF DRAINAGE 
FAC III TIES 

Storm 
Sewer 

Storm 
Sewer 

Storm 
Sewer 

Culverts, 
Bridges, 
Channels, 
Resacas, and 
Ditches 

Culverts, 
Bridges, 
Channels, 
Resacas, and 
Ditches 

Culverts, 
Bridges, 
Channels, 
Resacas, and 
Ditches 

DESCRIPTION OF ADOPTED MINIMUM YEAR 
AREA TO BE DRAINED tJESIGN FREQUENCY 

Residential-less 5 
than 40 acres 

Residential-less 10 
than 100 acres and 
more than 40 acres 

Residential more than 25 
100 acres, or Commercial 
and Industrial 

Any type of area less 25 
than 100 acres 

Any type of area more 50 
than 100 acres ana less 
tnan 1,00U acres 

Any type of area greater 100 
than 1,000 acres 

Analyses have been made for each pipe trunk for three 
tailwater conditions: 

a. No taih~ater in the channel; the tai h'later elevation 
has been set at the top of the out 1 et pipe for 
analysis of the hydraulic gradient; 

b. Tailwater elevation in the receiving major resaca or 
ditch has been assumed to have the same storm 
frequency as that used with the pipe trunk; and, 
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c. The lOO-year storm tailwater elevation in the 
receiving aitch or resaca has been used to assess its 
effect on the hydraulic gradient. 

B. Design Criteria 

The underlying goal of the drainage plans developed in this 
study is to provide flood flrotection for the lOO-year storm. 
This goal is primarily applicable to the major drainage 
facilities comprised of resacas, ditches and channels. The 
mi nor system of storm sewer trunk s has not been des i gned for 
this level of storm, for economic reasons, and this will have 
the effect of ponding the lOO-year flood waters in the streets 
until the overall system can dissipate it to the receiving 
water bodies. 

The goal of designing the major system improvements to 
eliminate flooding during the lOO-year storm will have to be 
balanced against economic, right-of-vlay and feasibility 
considerations and may not always be practicable. 

1. I'lajor Faci lities 

a. Channels 

Earthen channel shave :,een designed to have side 
slopes of 3 to 1 (hori zonta 1 to vert i ca 1) and to be 
grass-lined to minimize slope stability problems and 
maintenance. The l'ianning's "n" value utilized for 
tne design of these channels is 0.035. 

Concrete channels have been designed with siae slopes 
of 1.5 to 1 (horizontal to vertical), and they have 
incorporated a 1 atera 1 slope to the center 1 i ne of 
one-half incn per foot to aid passage of low flows. 
The Manning's "n" value used for these channels is 
0.015. 

Velocities have been kept in the acceptable region as 
outlined in the City criteria. 

b. Detention/Retention Structures and Areas 

These structures have been designed, to the extent 
practical, '",ith the goal of providing flood 
protection for the lOO-year storm. 

c. Pump Stations 

Pump stations have been designed to account for the 
storage effects of the system and to prov i de 
protection to the level stated previously. 
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2. Minor Facilities 

The stan sewer trunks have been designed to tne 
frequency values and hydraulic paraineters as stated 
previously. The slopes of tne new pipes have been 
considered to be equal to those in existence. The 
recommended pipe sizes are highlignted to show where 
deficiencies exist and can be corrected. 

C. Recommend at ion s 

It is recommended that the design criteria utilized in this 
report and the criteria being informally used by the City 
Engineering Department be formalized and adopted by the City in 
an official drainage ordinance. 

The flow values computed for arainage facilities in new 
development snould allow for the ul timate development of the 
drainage areas upstream and provide for conveyance of tnat flow 
through the area being developea. 
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V. DRAINAGE SYSTEM ANALYSIS 

A. Major Drainage Facilities 

Conveyance of stormwater run-off through the planning area, for 
ultimate discharge into either the Gulf of Mexico or the Rio 
Grande, is provided by a complex syste;n of interconnected 
resacas, ditches, condu its, channels, fl oodways and other 
watercourses, supplemented with pumping. These principal 
conveyance facilities not only drain the major watersheds and 
transport the stormwater downstream, but they also provide a 
substantial amount of storage volume that is particularly 
effective in reducing peak flow rates and water levels during 
flooding periods. For the proper analysis of eXisting flooding 
conditions and the evaluation of proposed drainage 
improvements, it is essential that both the hydraulic 
characteristics and the storage capacity of the major drainage 
facilities be appropriately described and accounted for. 

For purposes of these analyses, the major drainage facilities 
within the planning area have been considered in terms of five 
principal sUDsystems, with each providing drainage for a major 
port i on of the overall p 1 ann i ng area watershed. The fi ve 
subsystems are identified as TOwn Resaca, North ,~ain 0rain, 
Resaca de la Guerra, Resaca del Rancho Viejo, and Ca;Tleron 
County Drainage Dlstrict No.1 Ditch. The watershed 
boundaries of these principal drainage sUbsystems are 
delineated on the map of the planning area on Plate l, Volume 
II. 

Stormwater discharges from the To .... n Res aca, North t'1a in Dra in, 
and Resaca de la Guerra subsystems ultimately combine and flow 
into the Brownsville Ship Channel, with a portion of 
the outflows from Town Resaca and i~orth Main Drain pumped 
into the Rio Grande by the Impala Pump Station (maximum 
discharge rate of 162,000 g.p.m. or 362 c.f.s.). Since the 
hydrau 1 i cs of these three subsystems are interdependent and 
controlled, to a large extent, by their combined outflows and 
the resultant downstream tailwater elevation, the analyses of 
these subsystems wi th regard to fl ood i ng have been undertaken 
simultaneously and collectively. The Cameron County Drainage 
District No. 1 Ditch and Resaca del Rancho Viejo subsystems 
also have required coordinated analyses since stormwater flows 
can be exchanged between these two subsystems through a 
connecting ditch, depending on their relative stage levels 
during flooding periods. Outflows froln the downstream ends of 
both of these subsyste~s are discharged into San Martin Lake, 
then to the Brownsville Ship Channel, and, ultimately into the 
tidal flats near lower Laguna Madre. 
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1. Technical Approach 

STORM 

Components of the r~aster iJrainage Plan that deal with 
proposed improvements to the major drainage facilities 
have been developed through an iterative simulation 
process involving, first, the determination of existing 
flooding conditions for each of the five principal 
dra i nage subsystems, and then, a seri es of ana lyses to 
evaluate the effectiveness of alternative measures for 
reducing existing flooding levels. A comprehensive set of 
computer programs has been applied to calculate watershed 
run-off quantities and associated water levels and 
discharges along each of the drainage subsystems for the 
various conditions considered. 

The independent variable used as the driving mechanism for 
all the storm analyses has been rainfall depth as it 
occurs over a specified period of time (duration). Based 
on historical data, the U.S. Weather Bureau has 
developed statistical information describing rainfall 
frequenc i es for the Un ited States [References 2 and 8], 
and this information has been used in this study to 
establish specific rainfall parameters for the Brownsville 
area. Table 9 below presents a summary of the rainfall 
depths, for a range of durations and frequencies of 
occurrence, that nave been considered in this study. 
These quantities v,ere extracted directly from the U.S. 
Weather Bureau pUblications. For purposes of comparison 
with major historical storm events, previous 24-hour 
rainfall amounts recorded at Brownsvi 11e by the National 
Weather Service include 8.15 inches during the September, 
1984, flood (approximately the 15-year storm) and 12.09 
inches during Hurricane Beulah on September, 20, 1967 
(slightly greater than the 100-year storm). 

TABLE 9 
STATISTICAL RAINFALL DATA FOR BROWNSVILLE! TEXAS 

RAINFALL DEPTH FOR INDICATED RECURRENCE INTERVALS 
DURATION (I nches) 
(Hours) 2-YR 5-YR 10-YR 25-YR 50-YR lOO-YR 

1 2.2 2.8 3.3 3.8 4.2 4.7 
2 2.7 3.5 4.2 4.8 5.3 5.9 
3 2.9 3.8 4.5 5.2 5.9 6.5 
6 3.3 4.6 5.4 6.3 7.3 8.0 

12 3.9 5.4 6.5 7.5 8.8 10.0 
24 4.6 6.4 7.5 9.0 10.2 11. 7 
48 5.3 7.2 8.6 10.9 11.6 13.4 
72 5.8 7.8 9.2 11.4 12.6 14.4 
96 6.1 8.3 9.7 11.9 13.5 15.3 

240 7.8 10.2 12.0 14.7 17.0 19.0 
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As noted previously in the Planning and Design Criteria 
section of this report, the fundamental goal of the 
overall r~aster Drainage Plan with regard to the major 
drainage facilities is to provide sufficient capacity for 
the conveyance of 1 DO-year stormwater flows without 
causing flooding of developed areas. Ultimately, 
implementation of the overall r'iaster Drainage Plan should 
provide lOO-year flood protection for the entire developed 
portion of the planning area. Although this goal may not 
be practical at this time, given the magnitude of the 
problem and the costs involved in constructing the 
required flood control faci lities, the lOO-year rainfall 
depths in Table 9 have been used to establish existing 
flooding conditions along each of tne major drainage 
subsystems and to test the effectiveness of all the 
proposed flood control measures. The lesser magnitude 
rainfall aepths have been used to determine the levels of 
flooding protection that are provided by the existing 
drainage system and by various combinations of 
improvements, or subplans, within the context of the 
overall Master Drainage Plan. 

The duration of tne rainfall is important because 
individJal drainage systems respond differently to 
various amounts of rainfall depending on the hydrologic 
characteristics of their respective watershedS. The time 
that it takes for a particle of water to travel through a 
waterShed, i.e., the time of concentration, is determined 
by a variety of factors such as the size and areal 
configuration of the drainage area, the extent to which it 
is developed and its associated degree of impervious 
cover, the general slope of the terrain, soil conditions 
and hydraulic conveyance characteristics. In the 
Brownsville area, times of concentration vary from a few 
minutes for individual storm sewer pipes to several hours 
or even days for the major resaca systems. 

In order to properly analyze these facilities for 
flooding, appropriate rainfall amounts and durations must 
be considered that are consistent with actual times of 
concentration. For the five principal drainage 
subsystems, stormwater run-off simulations have been made 
for rainfall durations varying from six hours to three 
days, taking into account the respective hydrologic 
characteristics of each major watershed. These simulated 
run-off hydrographs have been hydraul i cally routed 
through the individual components (resacas, ditches, 
channels, conduits, etc.) of the drainage subsystems 
Witi1 spec if i ed downstream ta i1 water 1 eve 1 s correspondi ng 
to the combined outflows from the subsystems. 
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Based on the resulting peak flood stages, the 24-hour 
rainfall duration has been established as the critical 
area-wide storm that generally produces near-maxim~m 
water levels in the Town Resaca, North Main Drain, Resaca 
de 1 a Guerra and Cameron County Ora i nage Oi stri ct No. 1 
Ditch subsystems. Because of the extensive volume of 
storage available in the upper portion of the Resaca del 
Rancho Viejo subsystem west of U.S. Highway 77 and the 
considerable length of the flow path through the 
connected res aca poo 1 s, the 72-hour storm duration has 
been determined to be critical for this subsystem. In 
this study, all subsequent analyses of existing flooding 
conditions for the major drainage facilities and the 
analyses of the effectiveness of proposed drainage 
improvements have been based on either the 24-hour or the 
72-hour storms depending on the subsystem bei ng 
considered. 

The general procedure that has been app 1 i ed for ana lyz i ng 
flooding conditions and for determining flood levels 
within the principal drainage subsystems for a particular 
rainfall event (i.e., frequency of occurrence) is 
illustrated by the diagram in Figure 8, Volume 1. As 
shown, the overall process involves two types of 
simulations. First, the Hydrologic Simulation translates 
rainfall to run-off for an interrelated system of sub
watersheds with specified hydrologic characteristics. 
The basic output from the Hydrologic Simulation is the 
temporal distribution of run-off quantity expressed as a 
discharge rate, i.e., in units of cubic feet per second 
(c.f.s.), over the period of the storm being analyzed. 
These run-off hydrographs, simulated for all the sub
watersheds that comprise a single drainage subsystem, are 
then used as the inputs to the Hydraulic Simulation. 

Basically, the Hydraulic Simulation provides a 
descri;:Jtion of the water surface profile along the 
dra inage subsystem in response to specified run-off 
hydrographs, taking into account both the storage 
capacity and the hydraulic characteristics of the 
individual components that comprise the subsystem, i.e., 
resacas, ditches, pipe conduits, box culverts, overflow 
weirs, etc. Peak water surface elevations corresponding 
to a specified set of run-off hydrographs are determined 
either by dyn ami crout i ng of the fl ood fl ows through the 
res aca poo 1 s or by steady-state backwater computations 
along the channel and ditch segments. 

2. Hydrologic Simulation 

Tile HEC-l, Flood Hydrograph Package, computer program 
(,{eference 4) has been used for all the Hydrologic 
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Simulation analyses. This program was originally 
developed by the Hydrologic Engineering Center of the U.S. 
Army Corps of Eng i neers, and it has recei ved wi despread 
use throughout the country for solving a variety of 
hydrologic problems. The HEC-l model is designed to 
simulate the surface run-off response of a basin to 
precipitation by representing the basin as an 
interconnected system of hydrologic and hydraulic 
components. 

Each component model s an aspect of the overall 
precipitation-run-off process within a portion of the 
basin, commonly referred to as a sub-basin or sub
vlatershed. A component may represent a surf ace run-off 
entity, a stream channel or a reservoir pool. 
Representat i on of a component requ i re s a set of 
parameters which specify the particular hydraulic and 
hydrologic characteri st i cs of the component and the 
mathematical relations which describe associated physical 
processes. The result of the modeling process is the 
computat i on of run-off or streamflow hydrographs at 
desired locations in the basin. The HEC-l program has 
various options for modeling the different aspects of the 
overall precipitation-run-off process. For the 
Broilnsvi lle area appl i cations, the following have been 
used: 

a. Soi 1 Conservation Service (SCS) synthetic temporal 
rainfall distribution for design storms; 

b. SCS infiltration loss function based on soil types 
and natural run-off curve numbers; 

c. Percent impervious cover parameter to modify run-off 
for urbanization; 

d. SCS dimensionless unit hydrograph run-off generation 
method; and, 

e. Modified Puls storage routing method for accounting 
for storage effects in channel reaches. 

The application of the HEC-l program to each of the major 
drainage subsystems has involved compilation and coding 
of the following information: 

a. Delineation of sub-watersheds corresponding to the 
contributing drainage areas for each major resaca 
pool and/or ditch segment, based on existing 
topography and field surveys of existing drainage 
facilities; 

b. Time of concentration (SCS lag time) for each sub
watershed, based on flow distances and velocities 
corresponding to overland run-off, street flow and 
channel and pipe hydraulics; 
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c. Acreage of each sub-watershed, based on existing maps 
of the area; 

d. SCS curve numbers for each sub-watershed, based on 
SCS Cameron County soi 1 s report and SCS hydro 1 og i c 
manuals and reports [References 6, 7, and 9J; 

e. Impervious cover percentage for each sub-watershed, 
based on 1983 and 1986 aerial photographs and ground 
surveys; and, 

f. Storage-discharge relationships for major ditch 
segments, based on results of iterative flood routing 
and backwater simulations. 

3. Hydraulic Simulation Analysis 

Following the generation of run-off hydrographs through 
the Hydrologic Simulation process, the Hydraulic 
Simulation analyses for each of the principal drainage 
subsystems have been performed using one of two different 
computer programs depending on whether flooding levels in 
resaca pools or along ditches were being determined. For 
the drainage subsystems comprised primarily of 
interconnected resaca pools, a type of reservoir routing 
computer program, referred to as RESACA, that has been 
developed specifically for this study, has been applied. 
For the ditch subsystems, the Corps of Engi neers I HEC-2, 
Water Surface Profi les, computer program [Reference 5J tlas 
been used to simulate backwater conditions. 

The diverse and complex hydraulic behavior of the 
resaca drainage subsystems has necessitated the 
deve 1 opment of the spec i a 1 RESACA computer program. The 
conveyance of stormwater run-off through a seri es of 
connected resaca pools is influenced oy the available 
storage volume within the pools, by the hydraulic 
character i st i cs of the out 1 et structures at the ends of 
the pools and by the water levels in downstream pools 
that determine tailwater conditions for the individual 
pool outlet structures. The RESACA computer program takes 
into account these interrelationships as it performs a 
mass balance on the volume of stormwater entering and 
leaving the individual resaca pools along the length of a 
resaca drainage subsystem, and it simulates the resulting 
water levels in the individual pools as they vary over 
time duri ng the occurrence of a storm event. The peaK 
water surface elevations simulated by the RESACA computer 
program during a storm event indicate maximum levels of 
flooding, and these can occur in the pools at different 
times during a storm depending on the relative storage 
capacities and outlet controls of individual pools and 
the size of their contributing drainage areas. 
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The complexities involved in analyzing resaca hydraulics 
are illustrated by the two sets of plots shown in Figure 
9, Volume I, whicn are based on results from the RESACA 
computer program appl ied to the To'vYn Resaca subsystem. 
Tne lower set of plots indicates the variation of the 
water level (stage) over an l8-hour period in three 
resaca pools that are connected in series, with Pool 1 
being the most upstream. The corresponding outflow and 
inflow hydrographs for Pools 1 and 2 are shown in the 
upper set of plots over the same time period. All these 
results are based on the 25-year, 24-hour storm 
simulation. Many of the compl icating hydraul ic factors 
associated with the resaca drainage subsystems are 
illustrated by these curves, including the following: 

a. Pool 1 has a weir structure for its outlet control 
with the normal water surface elevation maintainea at 
the crest of the weir, thus limiting the pool's 
available storage volume for flood flows. 
Consequently, its outflow hydrograph is similar to 
the run-off inflow hydrograph, with only a s,llall 
reduct ion in the peak outfl ow rate due to storage 
effects; 

b. Pool 2 has a 36-inch outlet pipe and an overlying 
weir structure for its outlet control with the 
normal water surface elevation maintained near the 
pipe flowline by the outlet structure downstream in 
Pool 3. During flooding periods, the water level in 
Pool 2 can rise almost five feet before the weir 
cres t at its outlet structure is overtopped. The 
effectiveness of the associated storage volume for 
reducing the outflows frOiD Pool 2 is apparent in the 
plot of the outflow hydrograph, which is considerably 
lower at the peak of the storm than the sum of the 
corresponding inflows into Pool 2, i.e., the Pool 2 
run-off plus the Pool 1 outflow; 

c. During the initial hours of the storm, the water 
level in Pool 2 is below that of Pool 1 because of 
their different normal water surface elevations, but 
gradually, the level of Pool 2 rises above the weir 
crest of Pool 1 as inflows increase. Eventually, 
Pool 1 and Pool 2 become a single pool (at 11.5 
hours), with the Pool 2 outlet structure cantrall i ng 
their combined water level; 

d. In the 1 atter part of the storm, the stage of the 
combined Pools 1 and 2 stabilizes just above the weir 
crest elevation of the Pool 2 outlet structure, and 
the magnitude of the Pool 2 outflow, which is 
comprised of the sum of the 36-inch pipe flow and the 
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weir overflow, is approximately equal to the total 
inflow to Pool 2, i.e., the sum of the Pool 2 
watershed run-off and the Pool 1 outflow; and, 

e. The effect of downstream tai lwater on the outflow 
from resaca pools is illustrated by the irregular 
behavior of the Pool 1 and Pool 2 outflow hydrographs 
after the outlet structures become submerged and the 
water levels in adjoining pool s approach the same 
elevation. 

Simulation of the hydraulic behavior of resaca pools, as 
depicted by these plots, requires that all the pools in a 
particular subsystem be analyzed simultaneously to assure 
the proper consideration of tai lwater effects. The 
RESACA computer program has been specifically designed to 
perform these analyses. In applying the RESACA model to 
the Town Resaca, Resaca de la Guerra and Resaca del 
Rancho ViejO subsystems, the following information has 
been compiled and coded as input data to the computer 
program: 

a. Detailed descriptions of the outlet structures for 
all resaca pools, including the number, Sizes, 
dimensions, lengths, upstream and downstream flowline 
elevations, material types and head loss coefficients 
for pipe and box culverts and the cross-section 
(stations and elevat ions), breadth and di scharge 
parameters for overflow weirs, based on field surveys 
made during thi s study, supplemented with data from 
existing plans and previous reports; 

b. Storage volume versus elevation relationships (or 
data points) for all resaca pools, based on field 
surveys made in this study, supplemented with 
topogra~hic information from current U.S. Geological 
Survey quad sheets and 1929 - 1930 series one-foot 
contour maps; and, 

c. A description of the variation of the tail water 
elevation during the period of a particular storm 
event for the rece i vi ng water body at the downstream 
end of each resaca drainage system, based on 
iterative analyses of the outflows from the 
individual drainage subsystems and the hydraulics of 
the downstream receiving water bodies 

Peal< flood levels along the ditch subsystems, i.e., North 
Main Drain and Cameron County Drainage District No. 1 
Ditch, are influenced primarily by the conveyance capacity 
of the channel sections and the hydraulic characteristics 
of control structures such as bridges and culverts, 
although the downstreilln tailwater conditions also can be a 
key factor. Storage vo 1 ume is important for reduc i ng peak 
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discharges along the ditches, and, unlike the resaca 
subsystems which are predominantly controlled by the pool 
outlet structures, ditch storage usually can be related to 
the flow rate in the ditches. Generally, for a given 
storm event, peak discharge rates along the ditch 
subsystems increase or remain relatively constant in the 
downstream direct i on as run-off enters the channels from 
tributary watersheds. 

The HEC-2 computer program is intended for calculating 
water surface profiles for steady, gradually varied flow 
in natural or man-made channels and ditches. Both 
subcritica1 and supercritica1 flow profiles can be 
calculated. The effects of various obstructions such as 
bridges, culverts, weirs and structures in the flood 
plain may be considered in the computations. The 
computat i ona 1 procedure is based on the sol ut i on of the 
one-dimensional energy equation with energy loss due to 
friction evaluated with Manning's equation. The 
computational procedure is generally known as the Standard 
Step Method. The computer program is a 1 so des i gned for 
application in flood plain management and flood 
insurance studies to evaluate f100dway encroachments and 
to designate flood hazard zones. Also, capabilities are 
available for assessing the effects of channel 
improvements and levees on water surface profiles. 

In applying the HEC-2 model to the North Main Drain and 
Cameron County Drainage Di strict No. 1 Ditch drainage 
subsystems, the following information has been compi led 
and coded as input data to the program: 

a. Segmentation networks compri sed of computational 
sections and channel reaches identified in accordance 
with the hydraulic characteristics of each subsystem; 

b. Descriptions of channel and overbank cross
section/geometry (stations and elevations) at 
representative locations (computational sections) 
throughout the 1 ength of the subsystems, based on 
field surveys made during this study; 

c. Descriptions of control structures such as bridges 
and culverts, including their cross-section 
descriptions, dimensions, flowline elevations and 
head los s parameters, based on fi e 1 d surveys made 
during this study and existing plans and previous 
reports; and, 

d. Descriptions of channel and overbank roughness 
conditions in terms of Manning's "n" values. 
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4. Town Resaca Drainage Subsystem 

For simulating run-off for tne Town Resaca subsystem the 
overall drainage area has been divided into 48 sub
watersheds based on ex i st i ng drainage patterns and 
i ndi vi dua 1 resaca pools. These sub-watersheds are 
delineated on the map in Plate 2, Volume II. Each of 
these sub-watersheds contributes run-off into an 
individual pool of the Town Resaca subsystem, and each of 
these pools is associated with a specific outlet control 
structure. These structures have been previ ous 1y 
identified on the map in Plate 7A, Volume II, and they 
have been described in terms of their physical features 
in Table 1, Volume I. 

The correspondence between sub-watersheds and outlet 
control structures for the Town Resaca subsystem is 
indicated in Table 10, Volume 1. Also listed in this 
table for each sub-watershed are the drainage area size, 
the time of concentration, the SCS curve number and 
impervious cover percentages for existing ana future (year 
2000) land use conditions. These data have been used as 
the primary inputs to the HEC-1 program for purposes of 
simulating run-off hydrographs for specific storm events. 

Using the inflow hydrographs generated wi th the HEC-1 
model, the RESACA computer program has been operated to 
route the flood flows through the entire subsystem for 
the purpose of determi n i ng peak fl ood 1 eve 1 s. Through 
successive operations of the model, the following outlet 
control structures have been determined to be the most 
important with regard to their effects on resaca water 
levels: 

Structure TR3 
Structure TR8 
Structure TR9 
Structure TR15 & 15A 
Structure TR19A 
Structure TR19 
Structure TR22A 
Structure TR22E 
Structure TR23 
Structure TR25 
Structure Tf{26 
Structure TR27 

36-Inch Waterline 
At Be1thair Street 
Near W. Monroe Street 
At Palm Blvd. 
Near Gladys Porter Zoo 
At Ringgold Street 
At Pierce Street 
At 14th Street 
At International Blvd. 
Near 24th Street 
Near Los Tomates Banco 
Near Wastewater Treatment 
Plant. 

RESACA simu1 ations have been made for the 2, 5, 25 and 
lOa-year storm events based on existing land-use and run
off conditions. The resulting water surface profiles 
along the TOrlO Resaca subsystem are plotted on P1 ate 3, 
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TABLE 10 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR TOWN RESACA 

SUB-WATERSHED ASSOCIATED DRAINAGE TIME OF SCS PERCENTAGE 
DESIGNATION CONTROL AREA CONCENTRATION CURYE II'IPERYIOUS COYER 

STRUCTURE ( acres) ( hours) NU~IBER EXISTING FUTURE 

TRI TR27 247.2 .94 74 12 36 
TR2 TR26 148.0 1.53 73 32 34 
TR3 TR27 5.0 .31 69 48 48 
TR4 TR25 54.2 .83 78 45 45 
TRS TR25 65.6 1.08 69 47 47 
TR6 TR23 60.0 .94 69 45 45 
TR7 TR22E 73.1 1. II 69 45 45 
TR8 TR22C 40.3 .86 69 45 45 
TR9 TR22A 45.7 .79 69 51 51 

TRIO TR25 56.7 .55 75 28 30 
TR II TR25 27.4 .88 69 39 39 
TRI2 TR23 71.6 .88 70 38 38 
TRI3 TR22E 72.0 .76 71 36 36 
TRI4 TR22C 29.8 .95 69 39 39 
TRIS TRI6 248.3 1.06 69 61 61 
TRI6 TRig 76.1 .76 74 18 18 
TRI7 TR22 75.6 1.14 74 41 41 
TRI8 TR20 93.5 .76 74 31 31 
TRI9 TRI7 22.3 .41 72 62 62 
TR20 TRI6 39.9 .43 74 39 39 
TR21 TR15 19.8 .71 69 48 48 
TR22 TRI5 31.8 .75 70 32 32 
TR23 TRI4 10.8 .31 78 30 34 
TR24 TRI3 34.2 .33 72 17 17 
TR25 TR12 260.8 .60 79 20 20 
TR26 TR II 53.2 .32 73 21 21 
TR27 TRIO 8.9 .08 80 3 3 
TR28 TR9AB 170.0 1.63 72 44 44 
TR29 TR9AB 97.7 .72 74 39 39 
TR30 TR9AB 141.4 1.50 70 40 41 
TR31 TR9AB 140.7 1.18 74 31 38 
TR32 TR9AB 53.6 .74 76 22 36 
TR33 TR9AB 54.7 .59 74 28 34 
TR34 TR9AB 51.1 1.07 69 40 41 
TR35 TR9AB 112.6 .92 69 40 41 
TR36 TR8 95.1 .75 75 39 39 
TR37 TR8 38.8 .57 69 33 35 
TR38 TR8 67.0 .57 74 36 38 
TR39 TRS 20.2 .61 74 30 30 
TR40 TR8 50.0 .43 74 26 30 



TABLE 10 (CONT'D) 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR TOWN RESACA 

SUB-WATERSHED ASSOCIATED DRAINAGE TIME OF SCS PERCENTAGE 
DESIGNATION CONTROL AREA CONCENTRATION CURVE IMPERVIOUS COVER 

STRUCTURE (acres) ( hours) NU,"lBER EXISTING FUTURE 

TR41 TR7 37.9 .26 75 24 25 
TR42 TR5 18.9 .59 73 45 45 
TR43 TR3 41.0 .71 73 11 30 
TR44 TR3 46.6 .83 69 35 35 
TR45 TR2 75.8 .69 73 21 33 
TR46 TR7 77.1 .53 72 26 29 
TR47 TR4 38.2 .46 72 28 36 
TR48 TR28 279.7 1.42 79 32 32 



Vo 1 ume I I. The peak outfl ow rates from Town Resaca (at 
Structure TR27) corresponding to these four storm events 
as simulated with the RESACA model are 339, 373, 671 and 
850 c.f.s., respectively. 

5. North Main Drain Drainage Subsystem 

The sub-watersheds that have been used in simulating run
off within the North Main Drain subsystem with the HEC-1 
model are shown on the map in Plate 3, Volume II. The 
hydro 1 ogi c characteri st i cs of these sub-watersheds are 
listed in Table 11, Volume I, along with their associated 
pool outlet control structures. 

Using the peak flow rates along the North Main Drain 
sys tem as s imu 1 ated with HEC-1 for the 2, 5, 25 and 
100-year storm events, the HEC-2 program has been 
operated to determi ne correspondi ng water surface 
profiles. These results are plotted on Plate 9, Volume 
II, along the entire length of North Main Drain from near 
State Highway 4 east of the Airport upstream to near F.M. 
Road 802. Also, shown on these plots are the mlnlmum 
channel bank elevations along the ditch. The peak 
discharges in the North i~ain Drain channel just upstream 
of its confluence with Impala Ditch for the four storm 
events analyzed have been determined to be 532, 645, 815 
and 996 c.f.s., respectively. Downstream of the point 
where Resaca de 1 a Guerra discharges into North t~ain 
Drain in the vicinity of the Airport, the peak discharges 
in the North Main Drain channel have been determined to 
be 608, 787, 1,125 and 1,545 c.f.s., respectively, for 
the 2, 5, 25 and 100-year storms. 

6. Resaca de 1a Guerra Drainage Subsystem 

Plate 4, Volume II, shows the sub-watersheds used in the 
HEC-l model for simulating run-off within the Resaca de 
la Guerra subsystem. The associated pool outlet 
structures and the hydrologic characteristics of these 
sub-watersheds are listed in Table 12, Volume I. 

From successive analyses of the hydraulic behavior of the 
overall subsystem, the fo1101'iing outlet structures have 
been determined to be the principal controls with regard 
to water surface elevations: 
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TABLE 11 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR NORTH MAIN DRAIN 

SUB-WATERSHED ASSOCIATED DRAINAGE TIME OF SCS PERCENTAGE 
DESIGNATION CONTROL AREA CONCENTRATION CURVE IMPERVIOUS COVER 

STRUCTURE (acres) (hours) NUMBER EXISTING FUTURE 

NMI NMI 183.3 1.56 77 31 32 
NM2 NM2 34.7 0.40 81 0 11 
NM3 NM3 126.3 1.30 78 II 24 
NM4 NM4 5.3 .15 78 0 1 1 
NM5 NM5 44.6 .54 73 II 25 
NM6 NM6 81.5 1.20 78 41 51 
NM7 NM7 18.9 .40 74 41 51 
NM8 NM8 144.0 1.10 78 30 48 
NM9 NM9 80.8 1.20 82 30 48 

NMIO NMIO 23.2 .44 84 31 48 
NM II NMll 11.7 .29 84 56 56 
NM12 NMI2 11.2 .29 84 60 60 
NMI3 NMI3 174.5 1.61 82 43 53 
NM14 NM14 233.6 1.36 75 33 45 
NM15 NM15 22.9 .62 73 24 60 
NM16 NM16 99.9 .64 75 33 43 
NM17 NM17 31.9 .44 74 25 28 
NM18 NM18 27.2 .40 76 53 53 
NM19 NM19 157.0 1.38 80 27 41 
NM20 Nr120 199.0 1.75 83 35 51 
NM21 Nt121 256.7 1.93 81 35 47 
Nt122 NM22 100.0 1.43 84 49 70 
NM23 NM23 97.2 1.41 78 42 56 
NM24 NM24 513.1 1.32 78 34 40 
NM25 NM25 131.2 .94 74 28 35 
NM26 NM26 237.7 .94 77 18 28 
NM27 NM27 45.5 .48 77 35 35 
NM28A NM28 28.4 .33 74 35 35 
NM28B NM28 108.2 .57 70 35 35 
NM29 NM29 60.1 .49 73 23 23 
NM30 NM30 82.6 .59 74 0 0 
NM31 NM31 6.2 .25 74 0 60 
NM32 NM32 251.0 1.0 I 76 0 0 
NM33A NM33 584.9 1.17 81 12 19 
NM33B NM33 256.2 2.44 78 3 3 
NM33C NM33 634.8 1.61 80 12 12 
NM34 NM34 89.7 .57 77 3 3 
NM35 NM35 113.9 1.04 72 0 0 
NM36 NM36 847.0 1.32 74 0 0 
NM37 NM37 187.9 .65 71 0 0 
NM38A NM38 7,732.0 6.74 78 0 0 
NM38B NM38 817.3 2.00 79 0 0 



TABLE 12 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR RESACA DE LA GUERRA 

SUB~WATERSHED ASSOCIATED DRAiNAGE TIME OF SCS PERCENTAGE 
DESIGNAT ION CONTROL AREA CONCENTRAT I ON CURVE IMPERVIOUS COVER 

STRUCTURE (oc:res) ( hours) NUMBER EXISTING FUTURE 

RGI RG24A 6.4 .25 85 0 10 
RG5 RG23 62.1 .25 85 3 15 

RG15 RG22 328.7 .62 75 20 33 
RG16 RG20 35.2 .62 75 34 43 
RG19 RG19A 237.5 .59 73 16 28 
RG20 RGI8 49.4 .15 72 8 29 
RG21 RG16-17 201.7 .49 74 24 29 
RG22 RG18 54.0 .42 73 26 26 
RG23 RG18 21.7 .17 75 23 23 
RG24 RG18 245.4 .59 74 23 34 
RG25 RG18 84.5 1.14 79 12 28 
RG26 RG14-15 213.6 .53 77 25 29 
RG27 RG13 26.2 .20 83 0 0 
RG28 RGI3 96.6 .47 73 9 29 
RG29 RG13 87.0 1.00 77 15 42 
RG30 RG13 53.1 .35 74 29 35 
RG31 RG12 135.1 .37 75 18 24 
RG32 RG18 135.0 .67 73 22 32 
RG33 RG18 80.6 .73 80 13 13 
RG34 Ri39 8.1 .09 85 18 18 
RG35 RGa H .05 80 9 37 
RG36 RG7 28.0 .44 75 33 49 
RG37A RG4 98.8 .35 74 23 23 
RG37B RG6 96.6 .35 74 17 20 
RG38 RG4 49.0 .09 78 9 23 
RG39 RG2A 37.3 .09 75 0 39 
RG40 RG2 10.0 .12 77 0 42 
RG41 RGI 276.8 2.22 78 0 21 
RG42-43 RGI 101.1 .15 73 8 24 
RG44 RGI 91.8 .51 72 5 24 
RG45 RGI 41.3 .15 81 0 0 
RG46 RGI 96.8 .56 76 0 0 
RG47 RGI 49.8 .25 72 0 0 
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Structure RGY3 
Structure RGY4 

Structure RG2 
Structure RG4E 
Structure RG8 

Structure RG10 
Structure RG12A 
Structure RG 13 
Structure RG14 
Structure RG18A &18B 
Structure RG19A 
Structure RG20 
Structure RG22 & 23 
Structure RG24A &B 

At F.M. 3248 
At Laredo Rd. near Quail 
Hollow Dr. 
At Laredo Rd. 
Near Honeydale Rd. 
Between U.S. 83 and Old 
Alice Rd. 
At Hidden Valley Dr. 
At Paredes Line Rd. 
At Palo Verde St. 
Near Port Isabel Rd. 
At 14th St. 
At Boca Chica Blvd. 
At Billy Mitchell Blvd. 
At Morningside Road 
At North Main Drain 

Considering these structures in the RESACA model, the peak 
water surface elevations have been determined for the 2, 
5, 25 and 100-year storm events. These are plotted on 
Plate 10, Volume II. Because the outlet structure at the 
downs tream end of Resaca de 1 a Guerra at its confl uence 
with North Main Drain consists of only a single 30-inch 
pipe, peak outflows into North Main Drain are relatively 
small. For the four storms simulated, peak outflows have 
been determined to be on the order of 50 c.f.s .. 

7. Cameron County Drainage Di strict No. 1 Ditch Drainage 
Subsystem 

This subsystem covers an extensive area immediately north 
of Resaca de la Guerra, and it drains much of the 
planning area that is projected to develop by the year 
2000. Plate 5, Volume II, identifies the sub-watersheds 
used in the HEC-l analyses of run-off. Their hydrologic 
characteristics and associated outlet control structures 
are listed in Table 13, Volume I. 

Based on the results of HEC-l run-off simulations, 
considerable quantities of stormwater flow through this 
subsystem. Peak discharge rates in the channel for the 2, 
5, 25 and 100-year storms have been determined to be 755, 
841, 990 and 1,200 c.f.s., respectively, at the Southern 
Pacific Kailroad crossing near the middle of the 
subsystem and 1,450, 1,772, 2,450 and 3,260 c.f.s., 
respect i ve 1 y, at State Hi ghvlay 48 near the downs tream end. 
The correspondi ng water surface profil es, as s i mu 1 ated 
\~ith the HEC-2 backwater mode 1, are plotted on Plate 11, 
Vo 1 ume I I. As ill us t rat ed, flood 1 eve 1 salon g the 
channel generally exceed the minimum bank elevations. 
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SUB-WATERSHED 
DESlm-lATION 

CCI 
CC2 
CC3 
CC4 
CC5 
CC6 
CC7 
cca 
CC9 

CCl0 
CCll 
CC12 
CC13 
CC14 
CC15 
CC16 
eCl7 
CCl8 
CCl9 

TABLE 13 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR 

CA~lERON COUNTY DRAINAGE DISTRICT #1 DITCH 

ASSOCIATED DRAINAGE TIME OF SCS 
CONTROL AREA CONCENTRATION CURVE 

STRUCTURE ( a:res) ( hours) NUMBER 

CCI 505.3 4.22 75 
CC2 439.8 2.20 83 
CC3 259.0 1.48 77 
CC4 3,449.0 13.37 80 
CC5 318.8 6.06 80 
CC6 1,234.0 5.08 81 
CC7 1,075.0 5.63 79 
CC8 111.0 4.68 84 
CC9 175.0 4.16 89 

CCl0 833.0 4.67 81 
CCll 8.6 .30 89 
CC12 800.0 4.94 83 
CC13 2,525.0 8.83 79 
ee14 166.5 2.98 74 
CC15 593.5 5.27 76 
CC16 11,4 .13 82 
CC17 31.3 1.26 84 
ee18 336.0 4.68 79 
CC19 396.0 2.76 84 

PERCENTAGE 
IMPERVIOUS COVER 
EXISTING FUTURE 

0 0 
0 0 
3 18 

17 31 
4 26 
9 31 

15 30 
15 30 
0 30 
4 27 
0 35 
4 30 

23 39 
18 35 
6 39 

60 60 
30 60 
14 67 
6 30 



8. Resaca del Rancho Viejo Drainage Subsystem 

The areal extent of this subsystem is shown on the map in 
Plate 6, Volume II. As illustrated, most of its 
contributing drainage area is located west of U.S. 
Highway 77. In addition, a substantial amount of storage 
volume is available in Sub-watershed RV9. As this sub
watershed fills with run-off during an extended storm, it 
functions as a large reservoir with a continuous discharge 
of stormwater into Resaca del Rancho Viejo. As noted 
previously, results of hydraulic simulations with the 
RESACA model and related calculations indicate that 
maximum water levels along this resaca subsystem 
generally are achieved after about three days of run-off. 
Conditions tend to stabilize for longer storm durations as 
the water surface e 1 evat ions of the Sub-watershed RV9 
storage volume reaches its maximum and as outflows from 
the overall subsystem become steady. Storms with shorter 
durations do not allow adequate time for the discharges 
from Sub-watershed RV9 to reach the downstream end of the 
subsystem while intermediate run-off is still occurring. 

Based on HEC-l run-off simulations for the sub-watersheds 
delineated on the map in Plate 6, Volume II, and listed in 
Table 14, Volume I, and from steady-state R.ESACA model 
hydraulic results, the peak discharges in the Rancho 
Vi ejo subsystem at Structure RV27 near F .M. Road 1849 
have been determined to be 220, 281, 326 ano 367 c.f.s., 
respectively, for the 2, 5, 25 and 100-year storms. The 
corresponding water surface elevations are illustrated on 
the profile plots in Plate 12, Volume II. 

B. Storm Sewer Trunk System 

1. Technical Approach 

The storm sewers located throughout the City are closely 
interconnected to the hydraulic performance of the 
receiving ditches and resacas. The flatness of the 
topography in the area causes every storm sewer pi pe to 
operate in outlet control. This means that the 
control 1 ing factor for allowing rapid removal of water 
from an area is the downstream hydrau 1 i c cond it i on of the 
open channel and the main storm sewer trunks emptying into 
the channel. 

Thi s condi t i on means that to effectively improve the 
drainage conditions on a local basis, the main storm sewer 
pipes must be improved first within the system before the 
system will work more effectively. For this reason, and 
to effectively delineate areas that need improvement, only 
the main storm sewer trunks have been analyzed. 
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TABLE 14 
SUB-WATERSHED HYDROLOGIC CHARACTERISTICS FOR RESACA DEL RANCHO VIEJO 

SUB-WATERSHED ASSOCIATED DR.A.I NAGE TIME OF SCS PERCENTAGE 
DESIGNATION CONTROL AREA C.oNCENTRA T ION CURVE IMPERVIOUS C.oVER 

STRUCTURE ( acres) ( hours) NUMBER EXISTING FUTURE 

RY2 RV2 286.1 .83 74 0 0 
RY3 RV3 384.3 .93 76 9 15 
RY5 RY5 523.3 1.39 74 12 18 
RY6 RV6 1,232.5 1.85 74 5 8 
RY7 RV7 128.1 .37 79 2 2 
RY8 RY8 121.0 .46 83 0 8 
RV9 RV9 5,017.0 8.33 72 0 3 

RYIO RVIO 2,865.0 9.44 80 0 0 
RY II RY II 125.2 1.30 77 0 0 
RYI2 RVI2 189.3 .56 78 0 0 
RY13-14 RVI4 68.2 .56 79 0 0 
RVI5 RVI5 18.5 .37 74 0 0 
RVI6 RVI6 168.0 .60 75 0 0 
RVI7 RVI7 51.2 .56 74 0 0 
RV18-19 RVI9 37.6 .60 71 2 2 
RV20 RV20 286.1 .83 73 2 2 
RV21 RV21 103.9 .56 73 0 0 
RY22-23 RV23 253.3 1.20 72 5 7 
RV24-25 RY25 251.8 1.67 72 7 7 
RV26-27 RV27 19.8 .33 74 0 0 
RV28 RV28 476.6 1. II 75 0 5 
RV29 RV29 176.5 .46 78 0 0 
RV30 RY30 254.8 1. 11 78 0 0 
RY31 RV31 47.0 .74 81 0 0 
RV32A RY32A 113.9 1.39 77 0 0 
RY32B RV32B 109.6 .74 74 0 0 
RV33 RV33 279.1 .65 77 0 0 
RY34-35 RV35 116.7 1.30 77 0 0 
RV36-37 RV37 52.0 2.32 86 15 62 
RV41 RV41 103.9 .17 86 0 0 



The main trunk on each storm sewer was determined by 
starting at the outlet end of the pipe and running back 
upstream along the pipes to the furtnest reach of the 
largest pipes. The effective hydraulic capacity of this 
pipe determines the effective pipe capacity of all the 
laterals and inlets attached to it. 

Analysis criteria and methodology to analyze the existing 
storm sewer trunks were developed in conjunction with the 
City Staff during early phases of the project. 

The methods and criterion used are identical to those used 
in the later design stages of the plan. This provides for 
evaluation of the performance of the existing system with 
that of proposed or desired future system. 

The tail water conditions were analyzed on the exi st ing 
storm sewer trunks initially for tail water equal to the 
top of pipe. In most cases, the small size of the pipes 
present in the existing system already produced hydraulic 
grade lines far above the street grades. 

The designs, grades, hydraulic grade lines, sizes and 
types of storm sewer Ilave been cal cul ated based on 
existing locations and present grades and have not been 
optimized to provide the final, most efficient design for 
that drainage area. They have been calculated to give a 
conservative projection of the costs and the size of 
structures neeoed. A summary of the upgraded storm sewer 
requirements is shown in Table 6, Volume I. 

The tai lwater effects of the receivi ng ditch and resacas 
were initially input on the storm sewer trunks from the 
full 24-hour storms that were used to analyze the major 
drainage systems. The discrepancy of this 24-hour storm 
t i mi ng versus the ten- to twenty-mi nute storms used in 
pipe designs was immediately apparent. The peak water 
elevations of the 24-hour storms in the receiving 
drainageway would occur some 10 to 12 hours after the pipe 
discharges had occurred. 

Evaluation of various duration storms used on the large 
watersheds revealed that the l-hour storm duration 
produced rainfall intensities that closely approximated 
those used in the Rational Method for pipe flows. These 
l-hour duration storms were input into the major system 
computer models to predict the water surface elevations 
for the 5, 10, 25-year l-hour duration storms. 

These analyses, showed the water surface rise to range 
from about 0.5 foot to just under 1.0 foot. On the 
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resacas it was found that the maximum water surface rise 
above normal pool was a maximum of just under 1 foot. 
This seemed to hold true regardless of storm frequency due 
to the 1 arge storage capac i ty of the resaca systems. To 
be conservative, one foot above normal pool was adopted as 
the standard tailwater elevations for all trunks emptying 
into the resacas. 

The ditch systems were analyzed for their respective water 
surface profile elevations using the HEC-l and HEC-2 
models for the 5-year, lO-year, and 25-year l-hour 
duration storms. These values were then utilized for the 
ta ilwater cond it ions for the storm sewer trunk and storm 
frequency indicated. The values for these two runs are 
contained with the Computer Documentation Report. 

2. Pipe Template 

The analysis of the existing pipe trunks and subsequent 
adequate pipe design of sizes followed the procedure 
format used in the Texas State Highway Department 
Hydraulics ~1anua1. This layout of computations and pipe 
size calculations is 'widely used throughout the 
engineering profession for design computations of storm 
sewer trunks. 

The ana lys i s of the storm sewer trunks was accompli shed 
with a computer spreadsheet template written to make use 
of Lotus 1-2-3 Version lA, an electronic spreadsheet, 
designed for use on IBM PC and IBM compatible machines. 

The creation of this spreadsheet template allows very 
rapid computation of alternate pipe sizes by changing the 
values of pipe slope, number of barrels and design storm 
desired. 

This spreadsheet template has been supplied to the City of 
Brownsvi lle Engineering Department and runs on their HP 
Vectra computer. Data disks containing the data for the 
existing storm sewers and the proposed sizes have also 
been provided to the Engineering Department. These can be 
used for future analysis and design of storm sewers in the 
City. A detailed discussion of the principles and 
techniques for use is available in the Computer 
Documentation Report. 

Three (3) copies of this Computer Documentation Report are 
available at the City. 
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3. Existing Capacity 

The capacities of the existing storm sewer trunks are 
presented in Table 15, Volur,ie I. The values shown 
generally indicate that the storm sewers in the older and 
more heavily urbanized areas of tne City have less of the 
required flow capacity than those in the outlying reaches. 
These outlying reaches of the Study Area show improvement, 
but only a small percentage (less than 10%) can carry the 
storm flows that were analyzed. 
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VI. SU~II'1ARY OF PR.OBLU1S 

A. General 

The study area has five major watersheds that flow to the east 
and exit through two main drainage outlets. The southern three 
systems, Town Resaca, North Main Drain and Resaca de la Guerra 
all combine into one channel just west of the Brownsville/South 
Padre Island International Airport and flow east jJast the 
airport and then north to the Brownsville Ship Channel. 

The two northern watersheds, Cameron County Drainage District 
No. 1 Ditch and Resaca del Rancho Viejo, confluence at Hwy. 511 
and flow to the Rancho Viejo Flood~lay just north of the 
Brownsville Ship Channel. 

These outlet channels present a problem for efficient removal 
of water due to their elevation relative to the water level of 
the Gulf of i'iexico. The most critical rainfall events that 
cause flooding in the Study Area will be associated with 
hurricanes. This is due to the fact that a hurricane carries a 
storm surge ~ith it that will raise the water level in the Gulf 
of Mexico and, hence, the water levels in these major outlet 
channels for the area. This will restrict the timely discharge 
of floodwater from the area. 

The general flatness of the area contributes to the flooding 
problem by allowing only relatively slow water velocities in 
the resacas, channels, ditches and storm drains of the area. 
These low velocities produce a slow removal of floodwater 
unless the conveying channel or conduit is large or the water 
is aided in removal by pumping. 

The natural dra i nage prob 1 ems of the area have been cOlnpounded 
by the past m i su se (deve 1 opment) of the flood-prone areas of 
the region. Areas that consistently flood have been developed 
to contain residences, industry or service locations. The lack 
of planning has resulted in the increase in physical damage to 
property and persons located in or near these fl ooa-prone 
areas. 

Public agency control and regulation of the waterways must be 
improved to prevent further misuse of problem areas. 

B. Specific Problem Areas 

The following problem areas have been identified through 
various contacts witil the City, the various agencies and the 
general public. These areas I'lere examined in the hydrologic 
and hydraulic [;lodeling and, in virtually every case, found to 
show the indications of the observed probleills. 
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The areas shown to have problems include the following: 

1. Central Boulevard has overflow flooding problems due to 
the channel restriction of the Town Resaca caused by the 
36-inch raw water line crossing the resaca at this point. 

2. The Town Resaca drainage basin upstream of Central 
Boul evard has been comp 1 ete ly deve loped and exper i ences 
flooding due to the location of occupied structures within 
the low area of the resaca bed. 

3. The Town Resaca watershed is the most heavi 1y urbanized 
and developed of the five major watersheds. r~any of the 
areas at the upstream end and to each side of the channel 
have filled and no longer contain water. These areas have 
been developed, and v ar ious structures occupy these low 
lying areas. Specific examples are: iI) the resaca bed 
west of Central Boulevard and nortn of Los Ebanos 
Boulevard; and, B) the old Town Resaca bed north of 
Rooseve 1t St reet. fhese areas wi 11 be prone to f1 oodi ng 
in the future and should not have been allowed to be 
developed. 

4. Another problem that has occurred in the Town Resaca 
vJaterstled is the deve 1 opment of the G 1 adjs Porter Zoo in 
the resaca. The hydraulic structures and placement of the 
walls at the zoo effectively block off much of the channel 
capac i ty at R i ng90 1 d Street and at the rail road tracks 
just upstream of the zoo on the southwest corner of the 
zoo property. 

5. The areas around Ebony Lake contribute drainage to this 
Lake which, in turn, drains to Town Resaca through a 36-
inch diameter pipe. Principally, the backwater effects of 
the Town Resaca compounded by thi s small out 1 et pi pe do 
not all 01'1 this Lake to drain adequately in the lOO-year 
storm. 

6. The Los Trnnates Banco and Lincoln Park areas have flooding 
problems due to poor placement of buildings in flood-prone 
areas. The old resaca bed from Los Tomates Banco heading 
northeast past the Harry L. Faulk Junior High School has 
had subdivisions and streets placed in it. This area 
appears on Flood Insurance r~aps and other sources as a 
flood hazard area. 

7. The Nortn r'lain Drain has several problem areas that 
generally are due to insufficient water-carrying capacity 
for tne \~atershed. This is caused by undersized 
structures (bridges and culverts), small channel cross
sections or poor cilannel alignment. 
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The Brownsvi lle/South Padre Island International Airport 
experiences flooding from the North Main Drain due to the 
relatively low elevation of the airfield topography in 
relation to the surrounding area. The North Main Drain 
does not generally have sufficient capacity in this area 
to convey the 100-year flood flows past the Airport. The 
floodwater in excess of the channel capacity flows over 
the channel banks and covers the southern portion of the 
Airport. 

The northwestern portion of the Airport experiences 
flooding due to the backup of water in the Chicago drain 
which heads northward to Cameron County Drainage District 
No.1 Ditch. The flood elevations on the Ditch are high 
enough that backwater flooding will occur at the Airport. 

8. The Southmost area along Santa Elena and Ruiz Streets will 
experi ence flood i ng due to downstream backwater effects 
and inadequate capacity in the channel. This area as well 
as the F our Corners area exper i ences fl oodi ng from both 
the North Main Ora in and Res aca de 1 a Guerra. Thi s area 
has the main channels of each watershed in close proximity 
to each other, and the peak elevations from each watershed 
system will flood into the other. 

9. The Four Corners Area and Strawberry Square Area 
experience flooding due to interconnection and close 
prox i mity between the two systems and i naD i 1 i ty of the 
water control structures at Highway 48 to convey water 
from Resaca oe la Guerra downstream. The waters flow 
south and cross the Four Corners area toward the 
downstream portions of North i~ain Drain. This problem 
area can be seen on the existing water surface profile 
Plate 9, Volume II, at Station 656+00 and Plate 10, Volume 
II, at Station 186+00 and in the pictures depicting 
flooding in this area during the September 1984 flood. 
(See Figure 7, Volume I.) 

This interconnection phenomenon also occurs in the area of 
Rockwell Drive and Paredes Line Road. 

10. The Downtown Area will experience heavy flooding in the 
lOO-year storm due to several factors. These include 
inadequate number and spacing of inlets, small pipes under 
the streets, and high tailwater conditions in Town Resaca 
under full storm conditions. 

11. In the watershed of Cameron County Drainage District No.1 
Ditch, the 1110st troub 1 esome flood i ng area is that of the 
Valley Community Hospital. This is primarily due to the 
location of the Hospital in a low, flood-prone area of the 
Ditch's floodplain. This area has been largely 
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agricultural in character, and, as urbanization occurs 
withi n the watershed, the amount of water carri eo by the 
Ditch will increase, thereby, floOding the Hospital. 

12. The Resaca del Rancho Viejo watershed has the fewest 
problems of all the watershed areas due to several 
factors. One factor is that the area of the contributing 
watershed is small when compared to the storage the resaca 
contains. The high degree of urbanization and consequent 
i ncre ase in run-off has not yet occurred to the degree 
that has occurred in Resaca de la Guerra and Town Kesaca. 

The Cameron County Drainage Oi stri ct No. 1 Ditch and 
Resaca del Rancho Viejo present an opportunity to properly 
manage and plan the growth occurring to minimize the 
problerns experienced in the tnree southern watersheds. 

-39-



... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

CHAPTER VII~ 
... 



VII. DRAINAGE IMPROVEMENT ALTE~NATIVES 

The improveinents to the existing drainage system that are required 
to provide adequate flood protection within the overall Study Area 
have been considered with regard to both nonstructura 1, procedural 
measures and physical, structural modifications. From the results 
of the various analyses of existing flooding conditions associated 
with the major drainage facilities such as resacas and ditches and 
with the storm sewer facilities, it is apparent that there are 
certain specific components of the overall drainage system that 
require improvements. These improvements range from increased pipe 
capacities for more effective drainage in localized areas to 
large-scale ditch realignments and enlargements for better hydraulic 
conveyance through the Inajor drainage subsystems. Also, as new areas 
begin to develop primarily in the Cameron County Drainage District 
No.1 Ditch and Resaca del Rancho Viejo subsystems, additional 
drainage facilities will be required. 

Presented in this chapter are the specific drainage improvement 
alternatives that have Deen identified and considered in this study 
for purposes of developing the overall Master Drainage Plan. 
Specific structural improvements are discussed and 1 isted for the 
major drainage subsystems ana for the existing storm sewer 
facilities. Plates 42 and 42A, Volume II, present maps of the Study 
Area showing all the alternatives that have been identified. 

A. l'iajor Drainage Structural Improvements 

In determining the specific improvements required for the major 
drainage subsystems, the underlying goal generally has been to 
proviae flood protection for the lUO-year storm. Thi sis 
cons i stent wi th the des i gn criter i a adopted for th is study as 
outlined in Chapter IV. Basically, achieving this goal 
requires that the existing major drainage subsystems, comprised 
of resacas, ditches and various control structures, be modified 
and expanded in order to lower projected 100-year water levels 
below prescribed flood index elevations. 

These flood index elevations have been established by reviewing 
available topographic maps and field survey data and then 
selecting, at key locations along each of the drainage 
subsystems, minimum critical elevations that generally 
represent thresilOld flooding levels for existing buildings or 
other significant structures. Detailed survey data describing 
the exact finished floor elevations of existing buildings and 
structures in flood-prone areas are not available; therefore, 
in order to facilitate the drainage planning process, the 
various flood index elevations listed in Table 15, Volume I, 
have Deen determined using the best available information. For 
example, in the Four Corners area near Station 656+00 on North 
Hain Drain, a flood index elevation of 23.5 feet has been 
established. An elevation of 23.0 feet is noted on the 
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TABLE 15 
FLOOD INDEX ELEVATIONS ~OR THE MAJOR D2AINAGE SUBSYSTEMS 

Station 

TOWN RESACA 
150+00 
179+00 
206+00 
221+10 
249+20 
291+00 
300+00 
325+60 
349+50 
370+00 
455+00 

NORTH MAIN DRAIN 
126+50 
180+00 
204+00 
352+00 
441+00 
501+00 
575+00 
630+00 
656+00 
674+94 
728+00 
758+60 
758+13 
780+74 
824+18 
833+28 
848+31 

Flood 
Index 

Water Surface 
(feet) 

24.0 
26.0 
26.0 
27.4 
25.0 
30.0 
29.1 
30.0 
29.9 
29.5 
30.5 

17.0 
15.0 
19.0 
16.0* 
19.0 
24.0 
23.5 
23.5 
23.5 
24.4 
28.5 
28.9 
28.4 
28.7 
31.3 
30.5 
32.3 

Existing 
100-Year 

Elevation 
(feet) 

27.2 
28.0 
28.0 
28.3 
28.3 
30.9 
30.9 
30.9 
30.9 
30.9 
31.1 

11.3 
15.3 
16.3 
22.8 
24.9 
26.7 
27.2 
27.4 
27.8 
27.9 
32.5 
33.7 
33.8 
33.8 
34.5 
34.7 
38.0 

Downstream 
Structure 

TR26 
TR22E 
TR22A 
TR20 
TR19 
TR15 
TR13 
TR 11 
TRlO 
TR9 
TRl 

NM38 
NI~36 
NM36 
NM33 
NI132 
NM27 
NM24 
NM24 
NI'12 0 
NM19 
NM138 
NI·1l3 
NM9 
NM8 
NM5 
NM4 
NM2 

DescrijJtion of 
Adjacent 

Development 

New Subdivision 
Adjacent Subdivisions 
Existing Subdivision 
East 6th Street 
Gladys Porter Zoo 
Palm Boulevard 
Calle Retama 
Ringgold Street 
Calle Retama 
Ebony Lake Residential 
Existing Subdivision 

Existing Home 
Mobile Home Park 
Existing Horne 
Airport Runway 
New Subdivision 
Existing Home 
Existing Subdivision 
Existing Subdivision 
Four Corners Comrn. 
Existing Subdivision 
Cornm. Development 
Comm. Development 
Existing Subdivision 
Existing Subdivision 
Existing Subdivision 
Existing Subdivision 
Existing Subdivision 

*21.0 if special Airport drainage improvements are implemented. 



TABLE 15 (CONT'D.) 
FLOOD INDEX ELEVATIONS FOR THE MAJOR DRAINAGE SUBSYSTEMS 

RESACA DE LA GUERRA 
73+00 25.5 25.5 RG23 Existing Homes 

134+00 26.0 26.7 RG22 Res./Comm. Development 
140+00 24.0 26.7 RG22 North Main Drain 

Embankment 
168+70 26.0 27.1 RG20 Four Corners Comm. 
284+00 28.0 31.1 RG18 Existing Comm. Dev. 
490+00 28.0 31.1 RG13 Existing Homes 
510+00 29.0 31.1 RG13 Existing Homes/School 
527+00 26.3 31.1 RG12 Highway 1847 
606+00 31.5 31.5 RG8 Existing Apartments 
764+00 33.5 33.4 RG2 Existing Subdivision 
833+50 34.0 34.5 Y4 Existing Homes 

CAr'1ERON COUNTY DRAINAGE DISTRICT NO. 1 DITCH 
79+79 13.3 12.7 CC18 Hwy. 48 Rdwy. Elev. 

113+00 16.6 17.0 CC16 Indus./Comm. Area 
200+00 15.4 20.6 CC13 Existing Subdivision 
239+00 15.6 21.2 CC10 Valley Comm. Hospital 
275+00 16. 1 21.4 CC10 Robindale W.W.T.P. 
301+00 16.4 22.0 CC7 Existing Subdivision 
345+00 17.5 22.5 CC6 Existing Suodivision 
415+00 19.9 23.4 CC4 Existing Subdivision 
460+50 21.0 24.0 CC4 Existing Homes 
490+00 24.0 25.0 CC3 Existing Homes 

RESACA DEL RANCHO VIEjO 
92+00 16.0 15.3 RV37 Port Auth. Water Plant 

107+00 17.0 15.3 RV37 Industrial Development 
214+00 22.0 21.8 RV33 Existing Homes 
465+00 22.5 22.0 RV29 Existing Homes 
517+00 23.0 22.0 RV28 Existing Homes 
6UO+uO 27.6 26.7 RV25 New Subdivision 
750+00 27.0 26.7 RV20 Existing Homes 
950+00 30.0 27.2 RV16 New SUbdivision 

1170+00 33.4 32.9 RV8 Ranch Headquarters 
1250+00 33.0 32.9 RV7 Existing Subdivision 



U.S.G.S. topographic map of the area on Boca Chica Boulevard at 
its crossing of the North :~ain Drain channel. Also, the 
original construction plans for improving and concrete-lining 
the channel show a natural ground elevation between 23.0 and 
23.5 feet. Based on these specific values, the flood index 
elevation of 23.5 feet at Station 656+00 was selected, and it 
is considered to be generally representative of minimum 
finished floor elevations in the area. Similarly, at Station 
249+20 on Town Resaca near the Gladys Porter Zoo, survey data 
for Structure TR-19 indicated roadway elevations between 24.3 
and 25.0 feet. Therefore, a flood index elevation of 25.0 feet 
was adopted to represent the threshold flooding level for 
adjacent houses. 

For purposes of this planning study, these indices have been 
used as the standard for measuring the effectiveness of the 
various drainage improvement alternatives. The adopted flood 
index elevations are denoted on the existing water surface 
profile plots in Plates 8 through 12, Volume II, for the major 
drainage subsystems, and comparison of these index elevations 
with the eXisting flood levels indicates the magnitude of 
present flooding problems along each of the subsystems. 

Because of the extremely flat terrain in the Brownsville area, 
the undersized capacity of most of the existing major drainage 
facilities and the present level of development that already 
exists in flood-prone areas, the improvements that are required 
in the major drainage subsystems to fully provide 100-year 
flOOd protection are very extensive and costly. Implementation 
of these improvements undoubtedly wi 11 have to be phased over 
many years in the future in order for the goal of 100-year 
flood protection ultimately to be achieved. 

Included in the follo\~ing sections are discussions and 
descriptions of the various drainage improvements that have 
been determined to be effective and, in most cases, essential 
for lowering existing flood levels and ultimately achieving 
100-year flood protection in each of the major drainage 
subsystems. 

1. Town Kesaca 

Flooding problems along Town Resaca are tne result of: (a) 
the extensive development and urbanization of the drainage 
area, which contributes large quantities of stormwater 
run-off; (b) the limited conveyance capacity of the resaca 
pool s because of undersized and restricted outlet 
structures; (c) the 1 irni ted vol ume of flood storage 
available in the resaca pools oecause of the relatively 
high normal water surface elevations that presently are 
maintained; and (d) the high tailwater conditions that can 
occur at the downstream end of the subsystem in the 
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vicinity of the Impala Ditch where outflows from Town 
Resaca and i~orth Ivlain Drain combine. Improvements in the 
North i~ain Grain subsystem downstream of Impala Ditch, 
i.e. channel widening, are essential for solving existing 
flooding problems in Town Resaca because of the high 
tailwater conditions. 

With more stormwater conveyed through the North Main Drain 
subsystem to the Brownsville Ship Channel or the Rio 
Grande, tai lwater levels in the Impala Ditch will be 
lowered, thus allowing more outflow from Town Resaca. 

To provide increased conveyance of stormwater through the 
Town Resaca subsystem to the Impala Ditch, existing outlet 
structures for many of the individual pools must be 
expanded and modified, without affecting normal pool 
levels. Also, additional stormwater ponding areas must be 
created to provide detention storage, and additional 
pumping facilities and drainage diversions are required to 
remove a portion of the existing stormwater from the 
system, i.e. discharged into the Rio Grande. 

The recommended drai nage improvements for the Town Resaca 
subsystem are listed and conceptually described in Table 
16, Volume 1. With the exception of alternative schemes 
involving pump station sizes and locations and drainage 
diversions into the Rio Grande, all the recommended 
improvements are essenti al for achieving the goal of 
lOO-year flood protection. 

2. North Main Drain 

Reducing present flooding problems along the North i-1ain 
Drain subsystem requires major modifications of the 
existing channel to increase its conveyance capacity, as 
well as the construction of new facilities for diverting 
run-off and for providing detention storage in the middle 
and upper reaches of the subsystem in order to reduce 
stormwater flows and volumes. 

The lower reach of the North Main Drain from its outlet at 
the Port Authority Ditch near the Brownsville Ship Channel 
to its confluence with Impal a Ditch, a distance of over 
seven miles, is considerably undersized and will require 
extensive Ividening to provide adequate capacity for 
conveyance of the co,nbined outflows frolll the Tovm Resaca, 
North lV1ain Drain and Resaca de la Guerra drainage 
subsystems. 

With these channel mOdifications ultimately in place, 
together witn other inaj or upstream i mproveroents, ex is t i ng 
flooding problems at the Bro'wnsville/South Padre Island 
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TABLE 16 
RECOIIJMENDED IMPROVEMEIHS FOR THE TOWN RESACA DR AI NAGE SUBSYSTEM 

TRI-l Enhanced Detention Storage near Los Tomates Banco 
-Excavate on-channel and off-channel areas within the existing 

floodpl ain 
-Create 315 acre-feet of new storage volume covering 90 acres 

(existing & new storage) 
-Use 50 acres of Los Tomates Banco area for spoil disposal, 

filled to a height of six feet 
-Remove existing overflow weir at Structure TR27 
-Install 1,600 feet of 48" drain pipe from off-channel storage 

area to existing Los Tomates Banco storage area 
TRI-2 Additional Detention Storage above Belthair Blvd. 

-Eliminate flow obstruction caused by 36" water line at Structure 
TR3 

-Install one 5' X 2' box culvert under water line (L = 20') 
-Provide 60 acre-feet of additional on-channel storage volume 

TRI-3 Modifications to Structure TR15 at Palm Blvd. 
-Lengthen existing overflow welr to 40 feet 
-Lower crest elevation of existing overflow weir to 23.50' 
-Add two 10' X 10' box culverts (L = 122') 

TRI-4 Modifications to Structure TR26 near 25th Street 
-Replace existing pipe culverts with four 10' X 8' box culverts 

(L=lOO') 
TKI-5 Stormwater Pump Station near Los Tomates Banco 

-Construct stage-activated, multi-pump facility near levee 
-Discharge stormwater over levee to Rio Grande 
-Pumping capacity of 600,000 g.p.m. 

TRI-6 Drainage Diversion to Rio Grande for Portions of Sub-watersheds 8, 9, 
15, 20, 22, 28, 30 & 31 in the Downtown Area 

-MOdify drainage systerll for 747 acres to divert stormwater 
from Town Resaca watershed to the Rio Grande 

-Construct new 300,000-g.p.m. pump station at levee with 185 acre-feet 
of sump storage 

-Increase pumping capacity of the existing 12th and Fronton Street Pump 
Station to 350,000 g.p.m. 

TRI-7 Storrowater Pump Station near Ebony Lake 
-Construct stage-activated, multi-pump facil ity 
-Discharge stormwater over levee into Rio Grande 
-Pu~lping capacity of 70,000 g.p.m. 
-Install 6,000 feet of 60-inch discharge line frOl1l pUlllP 

station to outlet structure at levee 
-Replace existing 36-inch pipe between Ebony Lake and 

Town Resaca with two 10' X 8' box culverts (L = 600') 
-Replace existing 48-inch pipe and associated 5' X 5' box 

under Central Boulevard with two I'J' X 8' box culverts 
(L = 130') 



TABLE 16 (CONT'D.) 
~ECONMENDED IMPROVEMENTS FOR THE TOWN RESACA DRAINAGE SUBSYSTEM 

TRI-S Modifications to Structures TRIS & 19 near Gladys Porter Zoo 
-Lengthen existlng overflow weir to SO feet 
-Lower crest elevation of existing weir to 21.00' 
-Replace existing box culverts with three 10' X S' boxes 

(L = 65') 
TRI-9 Modification to Structure TR25 near Lincoln Park 

-Lengthen existing overflow weir to 100 feet 
-Lower crest elevation of existing weir to 17.S0' 
-Excavate 35 acre-feet of normal pool storage upstremn 

of structure 
-Concrete line channel bottom and sides up to S ft. depth over 

a distance of 600 feet inrnediately downstream of Lincoln 
Park 

TRI-IO Miscellaneous Modifications to Other Structures 
-Lengthenexistlng overflow weir at Structure TR9 to 35 feet 
-Add two 10' X 10' bOX culverts at Structure TR14 (L = 33') 
-Add two 9' X 9' box culverts at Structure TR20 (L = 52') 
-Add two 10' X 9' box culverts at Structure TR22 (L = Sl') 



International Airport and in the Four Corners area can be 
significantly reduced. 

The various recommended drainage improvements for the 
entire North Main Drain subsystem are listed and descrioed 
in Table 17, Volume 1. Implementation of all these 
improvements will provide 100-year flood protection along 
the entire length of the North l>1ain Drain subsystem, 
including the Four Corners area. The 100-year flood 
levels near Four Corners will be lowered by a total of 
almost 4.0 feet with the overall Master Drainage Plan 
ultimately implemented; however, this level of protection 
requires that major improvements and modifications be made 
to the existing drainage facilities along North Main Drain 
in the immediate vicinity of Four Corners. 

One of the principal causes of the existing flooding in 
the Four Corners area is the significant quantity of run
off that drains into the North Main Drain channel from 
local sub-watersheds in the immediate area, i.e. Sub
watersheds 19, 20, 21, 22, and 23 (see Plate No.3, 
Volume II). The comoined peak 100-year run-off rate for 
these sub-watersileds, tak i ng into account all avail ab 1 e 
detention storage areas that can be reasonably uti 1 ized, 
is 1,51U c.f.s., vihich is greater than the available 
capacity (950 c.f.s.) of the existing concrete-lined North 
Main Drain channel through this reach, even with the 
proposed Downstream channel widening and other upstream 
improvements in place. 

It appears that the solution to this problem must include: 
(a) the diversion of most of the upstream flood flows in 
the North Main Drain channel at Rockwell Road into Resaca 
de la Guerra with a 30o,000-g.p.m. pumping station (NMI-
26); (b) concrete lining and widening of the existing 
channel to a bottom width of 100 feet from south of 
International Boulevard (Station 627+00) upstream to Old 
Port Isabel Road (Station 674+00) (NJvlI-25); and (c) the 
diversion of a sUbstantial portion of the flood flows in 
the North Main Drain channel downstream of International 
Boulevard into Resaca de la Guerra with a 500,oOO-g.p.m. 
pumping station (NMI-24). 

Without these specific improvements included in the 
overall Master Drainage Plan, the projected IOO-year water 
surface elevation in the North Main Drain channel at Boca 
Chica Boulevard will be 23.92 feet, which is only 0.4 feet 
above the flood index elevation at this location. 

Without the add it i ona 1 i mprovernents in the Four Corners 
section of the North i>1ain Urain, the implementation of the 
remaining improvements listed in Table 17, Volume I, will 
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TABLE 17 
RECOMMENDED IMPROVEMENTS FOR THE NORTH MAIN DRAIN DRAINAGE SUBSYSTEM 

NMI-l Channel Widening from Port Authority Ditch Upstre~n to Resaca de 
la Guerra 

-Widen channel bottom to SO feet from Station 111+OU to 
Station 458+34 

-Modify existing channel to trapezoidal section with 3:1 
side slopes 

NMI-2 Channel Realignment East of Airport 
-Replace sharp bends with straight channel between Stations 

281+00 and 341+00 
-Construct 4,200 feet of SO' wide bottom trapezoidal channel 

section 
NMI-3 Channel Realignment West of Minnesota Avenue 

-Replace sharp bends with straight channel between Stations 
400+00 and 449+00 

-Construct 2,500 feet of 80' wide bottom trapezoidal cilannel 
section 

NMI-4 Channel Lining and Widening from Resaca de la Guerra Confluence 
Upstream to Impala Ditch Confluence 

-Concrete line and widen channel from Station 456+50 to 
Station 539+90 

-Concrete line channel bottom and sides up to depth of 
4.0 feet 

-Widen channel bottom to 40 feet between Stations 450+34 and 
468+88 

-Widen channel bottom to 60 feet between Stations 469+73 and 
4131+69 

-Widen channel bottom to variable 40 - 48 feet between 
Stations 482+51 and 514+10 

-Widen channel bottom to 50 feet between Stations 514+80 and 
539+40 

NMI-5 Modifications to Structure NM35 at Boca Chica Blvd. 
-Replace existing structure with bridge to span 80' wide 

(bottom) improved channel 
-Length of new bridge to be approximately 100 feet 
-New bridge centerline at Station 205+00 
-Minimum low beam elevation at 13.50' 
-Flowline elevation of channel at Station 205+00 is 2.66' 

NMI-6 Modifications to Structure NM32 at Minnesota Avenue 
-Replace existing structure with bridge to span 80' wide 

(bottom) improved channel 
-Length of new bridge to be approxilnately 100 feet 
-New bridge centerline at Station 400+00 
-Minimum low beam elevation at 16.70 feet 
-Flowline elevation of channel at Station 400+00 is 8.50' 



TABLE 17 (CONT'D.) 
KECOMHEI~DED I11PROVEI1ENTS FOR THE NORTH i'lAIN JRAIN DRAINAGE SUBSYSTEM 

Nt.,I-7 Channel Lining and Widening from Old Port Isabel Road Upstream 
to above Rockwell Road 

-Concrete line and widen channel from Station 675+30 to 
Station 701+80 

-Modify existing channel to trapezoidal section with 
bottom width of 20 feet 

-Concrete line bottom and sides up to depth of 4.0 feet 
-Construct overbank flow section 10.0 feet \vide and 3.0 

feet deep along right (south) bank of channel 
NMI-8 Modifications to Structure NM19 at Old Port Isabel Road 

-Replace existing structure with bridge to span 20' wide 
(bottom) improved channel 

-Length of new bridge to be approximately 70 feet 
-New bridge centerline at Station 675+30 
-Minimum low beam elevation at 27.00' 
-Flowline elevation of channel at Station 675+30 is 16.30' 

NMI-9 Modifications to Structure NM18 at Rentfro Street 
-Replace existing structure with bridge to span 20' wide 

(bottom) improved channel 
-Lengtn of new bridge to be approximately 70 feet 
-New bridge centerline at Station 686+60 
-Minimum low beam elevation at 27.50' 
-Flowline elevation of channel at Station 686+60 is 16.90' 

NMI-lO Modifications to Structure NMl7 at Rockwell Road 
-keplace existing structure with bridge to span 20' wide 

(bottom) improved channel 
-Length of new bridge to be approximately 70 feet 
-New bridge centerline at Station 696+80 
-Minimum low chord elevation at 28.00' 
-Flowline elevation of channel at Station 696+80 is 17.50' 

Nf'iII-ll Channe 1 Wi den i ng from above Rockwe 11 Road Upstream to Mack intosh 
Road 

-Widen channel from Station 701+80 to Station 721+ 85 
-Modify existing channel to trapezoidal section with 2:1 

side slopes and bottom width of 100 feet 
NMI-12 Modifications to Structure NM15 at Mackintosh Road 

-Replace existing pipes with four 10' X 8' box culverts 
(L = 65') 

N~lI-13 Channel Lining ano Widening from Nackintosh Road Upstreartl to 
Highway 77 

-Concrete line and widen channel from Station 721+85 to 
Station 726+99 

-MOdify existing channel to trapezoidal section with 
bottom wiotn of 20 feet 

-Concrete line bottom and sides up to depth of 4.0 feet 



TABLE 17 (CUNT'D.) 
RECOMMENDED IMPROVEMENTS FO~ THE NORTH MAIN DRAIN DRAINAGE SUBSYSTEM 

NMI-14 Modifications to Structure NM6 at Central Boulevard 
-Replace existing boxes with two 10' X 5' box culverts 

(L = 230') 
NMI-15 Modifications to Structure NM5 Between Central Boulevard and 

Honeydale Road 
-Replace existing pipe with two 8' X 6' box culverts 

(L = 72') 
NMI-16 Modifications to Structure NM4 at Honeydale Road 

-Replace existing pipes with two 8' X 6' box culverts 
(L = 49') 

NMI-17 Modifications to Structure NM3 at Union Pacific Railroad 
-Replace existing pipe with two 8' X 6' box culverts 

(L = 57') 
NMI-18 Modifications to Structure NM2 at El Paso Road 

-Replace existing pipes with two 8' X 6' box culverts 
(L = 65') 

NMI-19 Modifications to Structure Ni~16 at Paredes Line Road 
-Add three 7' X 6' box culverts (L = 120') 

NMI-20 Modifications to Airport Drainage System 
-Construct levee emoankment around Airport site 
-Excavate sump storage area inside the proposed levee 

system to provide a volume of 450 acre-feet with a bottom 
elevation of 12.00' and a maximum water surface elevation 
of 17.30' 

-Modify existing Airport stormwater drainage system to 
discharge into sump storage area, including 300 acres from 
Cameron County Drainage District No. 1 Uitch watershed 

-Install 240,OOO-g.p.m. pump station to discharge stormwater from 
Airport site into North Main Drain at Station 281+00 

NMI-21 New Detention Storage Area South of Airport 
-Excavate off-channel stormwater detention pond between Main 

Drain and Airport at Station 362+00 
-Create 330 acre-feet of storage volume with a bottom elev-

ation 9.00' and a maximum water surface elevation of 17.50' 
-Construct a side channel spillway with a crest elevation of 

16.00' to connect North Main Drain channel to the proposed 
storage area 

NMI-22 Stormwater Pump Station near Nogales School 
-Construct stage-activated, multi-pump facility upstream of 

Structure NM28 at La Posada Drive 
-Discharge stormwater over levee into Rio Grande 
-Pumping capacity of 500,000 g.p.m. 



TABLE 17 (CONT'D.) 
RECOMMENDED II~P20VEM~NTS FOR THE NORTH MAIN DRAIN DRAINAGE SUaSYSTEM 

NI'1I-23 New Detention Storage Area Dovmstrearn of International Boulevard 
-Excavate off-channel stormwater detention pond between Main 

Drain and Resaca de la Guerra at Station 627+DO upstream 
of Structure NM24 

-Create 510 acre-feet of storage volume with a bottom elevation 
of 15.20' and a maximum water surface elevation of 23.00' 

-Construct a side channel spillway with a crest elevation of 
19.uO' to connect i~orth Main Drain channel to the proposed 
storage area 

Ni1I-24 Stormwater Pump Station Downstream of International Boulevard 
-Construct stage-activated, multi-pump facility upstream of 

Structure NM24 
-Discharge stormwater over existing embankment into Resaca 

de la Guerra upstrealn of Structure KG22 
-Pumping capacity of 500,000 g.p.m. 
-Add three 10' X 10' boxes to each of the improved culverts 

(RGI-2) at Structures RG22 and RG23 on Resaca 
de la Guerra at Morningside Road \L = 75') 

NMI-25 Channel Lining and Widening and Structure Modifications from 
Downstre~n of International Boulevard to Old Port Isabel Road 

-Concrete line and widen channel from Station 627+00 to 
Stat ion 674+00 

-Modify existing channel to trapezoidal section with 
bottom width of IUD feet 

-Concrete line channel bottom and sides up to depth of 6.0 
feet 

-Replace existing culverts at Structures NM20, NM22 and NM23 
with bridges to span the widened channel (L = 130') 

-Replace existing railroad trestle at Structure NM21 with 
bridge to span the widened channel (L = 130') 

-Install 1,400 feet of concrete retaining wall (10' high) 
along modified channel reaches where full trapezoidal 
channel sections cannot be constructed due to existing 
right-of-way restrictions 

NMI-26 Stormwater Pump Station Upstream of Rockwell I{oad 
-Construct stage-activated, multi-pump facility upstream of 

Structure NM17 
-Discharge stormwater over existing embankment into Resaca 

de la Guerra upstream of Structure RG13 
-Pumping capacity of 300,00U g.p.m. 
-Add two 10' X 8' boxes to the improved culverts 

(RGI-4) at Structure RG13 on Resaca de la 
Guerra at Palo Verde Road (L = 64') and two 10' X 10' 
boxes at each of the other existing structures on the side 
arm of Resaca de la Guerra at Shidler Drive, Price Road and 
Eagle Drive (L = 100') 



TABLE 17 (CONT'D.) 
RECOMMEI~DED IMPROVEMENTS FOR THE NORTH MAIN DRAIN DRAINAGE SUBSYSTEM 

-Expand storage volume of proposed stormwater detention pond 
to 400 acre-feet for diversions from Resaca de la Guerra 
into Cameron County Drainage District No. 1 Ditch subsystem 
(RGI-3) 

I~MI-27 New Detent i on Storage Area Upstream of Paredes Line Road 
-Excavate and drain existing off-channel resaca pool north 

of North Main Drain channel and adJacent to Paredes Line Road 
-Create 78 acre-feet of storage volume with a bottom elevation 

of 17.00' and a maximum water surface elevation of 30.00' 
-Construct a side channel spillway with a crest elevation 

of 24.00' at Station 720+00 to connect North Main Drain channel 
to the proposed storage area 

NMI-28 Modifications to Structure NMI3B at Highway 77 East Access Road 
-Add two 8' X 7' box culverts to existing structure (L = laO') 

NMI-29 Additional Detention Storage Area Upstream of West Price Road 
-Excavate on-channel stormwater detention pond between Sta

tion 776+00 and Station 795+00 upstream of Structure NM8 
-Create 50 acre-feet of storage volume with a bottom elevation 

of 21.30' and a maximum water surface elevation of 30.00' 
i1~11-30 Additional Detention Storage Area Upstream of Central Boulevard 

-Excavate on-channel stormwater detention pond between Sta
tion 809+00 and Station 818+00 upstream of Structure 1~1"6 

-Create 89 acre-feet of storage volume with a bottom elevation 
of 24.00' and a maximum water surface elevation of 30.00' 

NMI-31 Stormwater Pump Station Upstream of Central Boulevard 
-Construct stage-activated, multi-pump facility upstream 

of Structure NM6 
-Discharge stormwater over existing embankment into Resaca 

de la Guerra upstream of Structure RG4F 
-Pumping capacity of 100,000 g.p.m. 

NMI-32 Additional Detention Storage Area Upstream of MOPAC Railroad 
-Excavate on-channel stormwater detention pond between Station 

840+00 and Station 856+00 upstream of Structure NM3 
-Create 260 acre-feet of storage volume with a bottom 

elevation of 26.50' and a maximum water surface elevation 
of 32.00' 

NMI-33 Modifications to Structures NM8 through NM12 from West Price Road 
to Old Alice Road 

-Replace existing channel and structures between Stations 
755+80 and 776+04 with three 10' X 6' box culverts 
(L = 2,024') 

-Integrate design of proposed box culverts with proposed 
widening of West Price Road in accordance with current 
Street and Drainage Capital Improvelnents Program 



TABLE 17 (COiH'D.) 
RECOMMENDED IMPROVEMENTS FOR THE NORTH MAIN DRAIN DRAINAGE SUBSYSTEM 

NMI-34 Modifications to Structure NM38 at South Port Road and Associated Channel 
Iioprovements 

-Widen channel to 300 feet from Station 0+00 to Station 111+00 
-Modify existing channel to trapezoidal section with 3:1 side slopes 
-Replace existing pipe culverts with bridge to span widened channel 
-Length of new bridge to be approximately 320 feet 
-New bridge centerline at Station 11+00 
-Minimum low beam elevation of new bridge at 27.00 feet 
-Flowline elevation of channel at Station 11+00 is 6.00 feet 



provl0e flood protection in the Four Corners area for only 
the 25-year storm. 

3. Res aca de 1 a Guerra 

The causes of the existing flooding problems along the 
length of this subsystem are similar to those for Town 
Resaca. Unders i zed and restri cted out 1 et structures on 
the resaca pools, particularly the most dO\~nstream 
structure, and limited pool storage volumes are principal 
concerns, and the high tailwater levels that can occur in 
the North Main Drain near the downstream outlet of the 
Resaca de la Guerra subsystem significantly limit 
outflows. As with Town Resaca, the proposed channel 
modifications in the lower portion of the North Main Drain 
subsystem are essential for reducing flooding conditions 
in Resaca de la Guerra. 

Because of the prox i mity of Resaca de 1 a Guerra to the 
Cameron County Drainage District No. 1 Ditch drainage 
subsystem, it is feasible to consider diverting by gravity 
a portion of the stormwater flows from Resaca de la Guerra 
into a detention storage area within the Ditch watershed. 
These flows then could be discharged gradually into the 
Ditch as flood levels subside. This flood control measure 
would be effective in significantly reducing stormwater 
flovls in the downstrealn pools of Resaca de la Guerra. 

The recommended drainage improvements for the Resaca de la 
Guerra subsystem are 1 isted and described in Table 18, 
Volume 1. Basically, tnese include structure 
rnodifications, provisions for increased on-line detention 
storage and the divers i on of a port i on of the flows into 
the Cameron County Drainage District No.1 Ditch 
subsystem. 

4. Cameron County Drainage District No. 1 Ditch 

Extensive flooding along the main channel through this 
subsystem results from the undersized capacity of the 
existing ditch sections and associated restrictions at 
road cross i ngs and other structures. Major floodi ng 
problems exist in the vicinity of the Valley Community 
Hospital (Station 239+00) and near several subdi visions 
located along the main channel upstream of Highway 48 
(Stations 200+00, 301+00 and 345+00). Existing 100-year 
water levels are as much as six feet above the flood index 
elevations at several points along the subsystem. 

Recommenaed improvement measures for achi ev i n g fu 11 100-
year flood protection along the entire length of the 
subsystem are listed and described in Table 19, Volume I. 
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TABLE 18 
RECOMMENDED IMPROVEMENTS FOR THE RESACA DE LA GUERRA DRAINAGE SUBSYSTEM 

RGI-l Modifications to Structure RG24 at North Main Drain Ditch 
-Construct new 10' X 50' drop inlet structure with crest 

elevations set at 20.03' for the 50' main section and 
at 22.00' for the 10' end sections 

-Install two 4' X 4' box culverts as outlets for the new 
drop inlet with flowline elevations set at 12.00' 

-Construct overflow spillway section 200 feet long with a 
crest elevation set at 22.40' 

RGI-2 Modifications to Structures RG22 and RG23 at Morningside Road 
Crossings 

-Add three 10' X 10' box culverts to each structure 
-Length of RG22 boxes is 75 feet 
-Length of RG23 boxes is 63 feet 

RGI-3 Dlversion of Stormwater Flows during High Stage Conditions into 
Cameron County Drainage District No.1 Ditch near the Paredes Line 

Road/Highway 802 Intersection 
-Construct overflow weir section near Station 463+00, 100 

feet long, with a crest elevation set at 26.80' 
-Construct adjacent detention storage pond between Resaca 

de la Guerra and Caroeron County Drainage District No.1 DitCh to 
provide 225 acre-feet of storage with a low capacity outlet 
structure 

-Improve existing channels between detention pond and Cameron County 
Drainage District No.1 Ditch 

RGI-4 MOdifications to Structure RG13 at Palo Verde Drive 
-Add two 10' X 8' box culverts (L = 64') 

RGI-5 Upstream Detention Storage above Highway 802 
-Utilize resaca bed and low area within existing 100-year 

floodplain for detention storage 
-Replace existing pipes at Structures RGYI & Y2 with 36-inch 

pipes with flowline elevations set at 29.10' and 29.00', 
respectively (L = 50') 

-Install one 48-inch pipe at Structure RGY4 with a flowline 
elevation set at 25.10' (L = 60') 

-Install one 48-inch pipe at Structure RGY6 with a flowline 
elevation set at 25.00' (L = 50') 

-Add one 42-inCh pipe to Structure RGI with a flowline 
elevation set at 25.30' (L = 105') 

-Replace existing pipes at Structure RG2 with two 48-inch 
pipes with flowline elevations set at 25.00' (L = 60') 



TABLE 18 
KECOMMENDED IMPROVEMENTS FOR THE RESACA DE LA GUERRA DRAINAGE SUBSYSTEM 

RGI-6 Miscellaneous Modifications to Structures Between Billy Mitchell 
Boulevard and 14th Street 

-Replace existing pipes at Structure RG20 with two 9' X 8' 
box culverts (L = 144') 

-Lengthen existing overflow weir at Structure RG19 to 80 
feet 

-Replace existing pipe at Structure RG18 with two 10' X 10' 
box culverts (L = 144') 

-Lengthen existing overflow weir at Structure RG18 to 80 feet 
RGI-7 Miscellaneous Modifications to Structures Between Old Port Isabel 

Road and F.M. 802 
-Lengthen existing overflow weir at Structure RG12A to 70 

feet 
-Replace existing pipes at Structure RGIO with two 72-inch 

pipes (L = 70') 
-Lengthen existing overflow weir at Structure RG8 to 140 

feet 
-Add two 42-inch pipes to Structure RG4F (L = 10D') 
-Replace existing pipes at Structures RG4A through RG4E 

with two 48-inCh pipes at each structure (L = 96', 100', 
100', 105', 100' and 20', respectively) 

RGI-8 Modifications to Structure RG12 at Paredes Line Road 
-Replace existing pipe culvert with two 10' X 10' box culverts (L=112 

feet) 
-Raise road profile to a miniinum low point elevation of 29.00 feet 



TABLE 19 
RECOMMENDED IMPROVEMENTS FOR CAMERON COUNTY DRAINAGE 

DISTRICT DITCH NO. 1 DRAINAGE SUBSYSTEM 

CC1-1 Channel Widening Downstream of Union Pacific Railroad 
-Widen existing channel bottom to trapezoidal section with 300 

foot bottom width from Station 10+00 upstream to Station 98+77 
CCI-2 Modifications to Structure CC18 at Highway 48 

-Replace existing structure with bridge to span 300' wide 
(bottom) improved channel 

-Length of new bridge to be approximately 330 feet 
-New Dridge centerline at Station 80+00 
-Minilnum low beam elevation at 10.00' 
-Flowline elevation of channel at Station 80+00 is -0.76' 

CCI-3 Channel Lining and Widening from Union Pacific Railroad to Harbor Road 
-Concrete line and widen channel from Station 98+77 upstream 

to Station 117+53 
-Concrete line channel bottom and sides up to depth of 4.0 

feet 
-Widen channel bottom to 100 feet 

CCI-4 Modifications to Structure CC17 at MOPAC Railroad 
-Replace existing structure with bridge to span 100' wide 

(bot tom) llnproved channel 
-Length of new bridge to De approximately 120 feet 
-New Dridge centerline at Station 100+00 
-Minimum low beam elevation at 13.80' 
-Flowline elevation of channel at Station 100+00 is 0.25' 

CCI-5 Modifications to Structure CC16 at F.M. 511 
-Replace existing structure with bridge to span 100' wide 

(bottom) improved channel 
-Length of new bridge to De approximately 120 feet 
-New bridge centerline at Station 109+50 
-Minimum low beam elevation at 10.00' 
-Flowline elevation of channel at Station 109+50 is -0.70' 

CCI-6 Channel Widening from Harbor Road to Highway 48 
-Widen existing channel bottom to trapezoidal section with 200 

foot bottom width 200 feet from Station 117+53 upstream to 
Station 182+07 

CCI-7 Channel Lining and Widening from Highway 48 to Old Railroad Grade 
-Concrete line and widen channel from Station 182+07 upstream 

to Station 206+25 
-Concrete line channel bottom and sides up to depth of 4.0 

feet 
-Widen channel bottom to 80 feet 



TABLE 19 (Cont'd.) 
RECOMMENDED IMPROVEMENTS FOR CAMERON CUUNTY DRAINAGE 

DISTRICT DITCH NO. 1 D~AINAGE SUBSYSTEM 

CCI-8 Modifications to Structure CC13 at Highway 48 
-Replace existing structure with bridge to span 80' wide 

(bottom) improved channel 
-Length of new bridge to be approximately 100 feet 
-New bridge centerline at Station 182+50 
-Minimum low beam elevation at 12.00' 
-Flowline elevation of channel at Station 182+50 is 2.96' 

CCI-9 Channel Widening from Old Railroad Grade to the Southern Pacific 
Railroad 

-Widen existing channel bottom to 200 feet from Station 
206+25 upstream to Station 404+96 

CI-10 Modifications to Structure CC10 at Central Avenue 
-Replace existing structure with bridge to span 200' wide 

(bottom) improved channel 
-Length of new bridge to be approxirnately 220 feet 
-New bridge centerline at Station 239+00 
-Minimum low beam elevation at 14.50' 
-Flowline elevation of channel at St~tion 239+00 is 5.00' 

CCI-ll Additional Detention Storage Area Upstream of Central Avenue 
-Excavate on-channel stormwater detention pond between 

Station 239+19 and Station 264+19 
-Create 1,593 acre-feet of storage volume with a surface 

area of 140 acres, a bottom elevation of 5.00' and a 
maximum water surface elevation of 17.10' 

-Remove 2.3 million cubic yards of material 
CCI-12 Modifications to Structure CCl at Old Port Isabel Road 

-Add four 10' X 10' bOX culverts to existing structure 
(L = 20') 

CCI-13 Additional Detention Storage Area Upstream of Dana Road 
-Excavate on-channel stormwater detention pond between 

Station 325+60 and Station 393+27 
-Create 2,790 acre-feet of storage volume with a surface 

area of 235 acres, a bottom elevation of 6.40' and a 
maximum water surface elevation of 18.80' 

-Remove 4.1 million cubic yards of material 



TABLE 19 (Cont'd.) 
RECOMMENDED IMPROVEMENTS FOR CAMERON COUNTY DRAINAGE 

DISTRICT DITCH I~O. 1 DRAII~AGE SUBSYSTEM 

CCI-14 Channel Widening from the Southern Pacific Railroad to F.M. 3248 
-Widen eXisting cnannel bottom to 100 feet from Station 

405+05 upstream to Station 421+00 
-Widen existing channel bottom to 80 feet from Station 

421+00 upstream to Station 489+44 
-Widen eXisting channel bottom to 50 feet from Station 

492+65 upstream to Station 514+83 
-Widen eXisting channel bottom to 50 feet from Station 

515+18 upstream to Station 576+50 
CCI-15 Local Drainage Problem Solution at Valley Community Hospital 

-Encircle property with 2,900 feet of levee 
-Excavate 7.9 acre-feet of detention storage 
-Install automatic 3,000 g.p.m. pump facility with backup engine 
-Install 5,000 feet of road at elevation 22.0 for access 



These include widening and concrete lining of the main 
channel, replacement or enlargement of existing 
structures, and excavation of extensive stormwater 
detention storage areas in the middle reach of the 
subsystem. 

5. Resaca del Rancho Viejo 

As illustrated by the flOOd index elevations plotted on 
the existing lQU-year water surface profiles in Plate 12, 
Volume II, flooding problems general1y are minimal along 
the Resaca del Rancho Viejo subsystem. The extensive 
volume of existing storage in the upper portion of the 
overal1 watershed, i.e., above Structure RVl1 at Station 
996+50, and the narrow contr i but i ng dra i nage area along 
the watercourse downstream, 1 imit the magnitude of flood 
flows along the length of the subsystem. The principal 
improvements proposed for the subsystem incl ude 
enhancement of the primary outlet structure near the head 
of tne Resaca del Rancho Viejo Floodway and instal1ation 
of a flood gate structure on the ditch that connects 
Resaca del Rancho Viejo to the Cameron County Drainage 
District No.1 Ditch to control the exchange of stormwater 
flows between the two Subsystems. The recommended 
i~provements for the Resaca ael Rancho Viejo subsystem are 
listed in Table 20, Volume I. 

Considerations l'iere also given to the potential use of 
additional gravity drains to the Rio Grande and Cameron County 
Drainage District No.2 Ditch as alternatives to help dissipate 
the stormwaters. 

Cameron County Drainage District No. 2 Ditch was determined to 
be an infeasible alternative due to the following: 

1. The length of the Cameron County Drainage District No. 2 
Ditch is longer tnan the North Main Drain; 

2. The Cameron County Drainage District No. 2 Ditch would 
require extensive rehabilitation; and, 

3. Upon completion of the renabilitation of the Cameron 
County Drainage District No. 2 Ditch, the new capacity 
would not be adequate to convey the 100-year stormwater. 

The gravity drains were found to be infeasible due to the high 
tailwaters realized by the Rio Grande during flood conditions 
which \~ould compound the flooding problems experienced in the 
City. 
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TABLE 20 
RECOMMENDED IMPROVEMENTS FOR THE RESACA DEL RANCHO VIEJO DRAINAGE SUBSYSTEM 

RVI-l Modifications to Structure RV37 at port Authority Water Intake 
-Replace existing pipe with two 6' X 1.5' box culverts 

(L = 3D') 
-Install concrete cap spillway embankment protection with 

a minimurn crest elevation of 13.30' (L = 200') 
RVI-2 Modifications to Structure RV35 near head of Rancho Viejo Floodway 

-Construct emergency overflow concrete spillway within the 
existing embankment with a uniform crest elevation of 
18.90' (L=200') 

-RefurbiSh two existing and abandoned concrete drop inlets 
(4.5' and 3.5' diameters) 

RVI-3 Modifications to Structure RV31 at Robindale Road 
-Install o,echanism for raising existing 7.5' X 7.5' lift gate 

RVI-4 I~odifications to Structure RV28 Downstream of Paredes Line Road 
-Construct emergency overflow spillway within the existing 

embankment with a uniforrn crest elevation of 18.20' 
(L = 200') 

-Install flood gat~ structure (crest elevation at 24.50') 
to control storn,~ater flows tllrougll the existing ditch 
between Resaca del ~ancho Viejo and Cameron County Drainage 
District No. I DitCh (two 5' X 5' sluice gates with lift 
illechanis:rr5. ) 



B. Local Drainage Structural Improvements 

Althougn the primary purpose of this Master Drainage Plan is to 
provide a plan to correct the widespread flooding problems of 
the area, several local problem areas were evaluated, and 
localized solutions analyzed. 

1. The Brownsvi lle/South Padre Island International Airport 
experiences flooding as discussed in the Chapter VI 
Summary of Problems. The problems can be alleviated if 
all the North Main Drain solutions downstream of the 
airport are implemented and if Cameron County Drainage 
District No. 1 Ditch is improved to prevent backwater 
flooding into the northwest corners of the Airport. 

However, the implementation of these major improvements 
may be on a longer term bas i s than the City and Airport 
administration wish to tolerate. 

A local solution was conceptually planned and evaluated. 
This solution was to encircle the Airport property with a 
1 evee and reroute the i nterna 1 dra i nage system along the 
inner edge of the levee to drai n to a sump and pump 
fac i 1 ity on the east side of the Airport. The pump 
facility would pump stormwater run-off over the Airport 
levee into North Main Drain. 

The description of this alternative is presented as North 
Main Drain Improvement (NMI-20) in Table 17, Volume I. 
The projected cost for this installation is shown in Table 
21, Volume I, and totals approximately $4,725,000. 

2. The Valley Community Hospital experiences flooding in the 
waters hed of Cameron County Drainage Di stri ct No. 1 Ditch. 
It is located in a low area of the floodplain and can 
benefit from a local solution similar to the solution 
proposed at the Airport. 

An encircling levee, internal drainage systems, detention 
sump and stormwater pump would serve to keep the Hospital 
unflooded. The projected cost for this improvement would 
be approximately $255,000. 

The access to the Hospital should be maintained during 
flood events, and a roadway high enough to avoid flooding 
should be incorporated in the Hospital drainage solutions. 
The projected cost for approximately 5,000 feet of roadway 
to provide access would be approximately $685,000. 
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TABLE 21 
COSTS OF RECOMMENDED IMPROVEMENTS 

IWROVEMENT R.O.W. CONSTRUCTION 
rU·13ER COST COST * TOTAL COST 
***************************************************** 
TOWN RESACA 

TRI- 1 $2,100,000 $1,440,000 . $3,540,000 
TRI- 2 $180,000 $254,000 $434,000 
TRI- 3 $150,000 $150,000 
TRI- 4 $148,000 $148,000 
TRI- 5 $5,625,000 $5,625,000 
TRI- 6 $675,000 $20,325,000 $21,000,000 
TRI- 7 $75,000 $2,270,000 $2,345,000 
TRI- 8 $131,000 $131,000 
TRI- 9 $256,000 $256,000 
TRI- 10 $30,000 $146,000 $176,000 

NORTH MAIN DRAIN 

NMI- 1 $543,900 $996,500 $1,540,400 
NMI- 2 $242,000 $226,500 $468,500 
Nt~I- 3 $30,000 $212,000 $242,000 
NMI- 4 $300,000 $2,000,000 $2,300,000 
NII,I- 5 $572,000 $572,000 
Nr~I- 6 $322,000 $322,000 
NMI- 7 $128,000 $367,000 $495,000 
NI-H- 8 $15,000 $325,000 $340,000 
NMI- 9 $15,000 $325,000 $340,000 
NMI- 10 $15,000 $325,000 $340,000 
NMI- 11 $138,000 $81,500 $219,500 
NMI- 12 $123,600 $123,600 
NMI- 13 $12,400 $24,800 $37,200 
N!o1I- 14 $167,000 $167,000 
NMI- 15 $47,900 $47,900 
NMI- 16 $39,800 $39,800 
NMI- 17 $54,400 $54,400 
NMI- 18 $48,200 $48,200 
NMI- 19 $93,200 $93,200 
NMI- 20 $4,725,000 $4,725,000 
NMI- 21 $582,000 $2,200,000 $2,782,000 
NMI- 22 $150,000 $5,200,000 $5,350,000 
NMI- 23 $975,000 $3,300,000 $4,275,000 
NMI- 24 $60,000 $5,400,000 $5,460,000 
NMI- 25 $255,000 $5,146,000 $5,401,000 
NMI- 26 $330,000 $4,200,000 $4,530,000 
NMI- 27 $165,000 $418,000 $583,000 
NMI- 28 $69,600 $69,600 
NMI- 29 $150,000 $105,000 $255,000 
NMI- 30 $300,000 $187,000 $487,000 
NMI- 31 $30,000 $1,000,000 $1,030,000 
NMI- 32 $765,000 $1,640,000 $2,405,000 
NMI- 33 $100,000 $2,800,000 $2,900,000 
NMI- 34 $1,032,000 $2,392,000 $3,424,000 



TABLE 21 (Cont'd.) 
COSTS OF RECOMMENDED I~lPROVEMENTS 

IWROVEMENT R.O.W. CONSTRUCTION 
NUM3ER COST COST * TOTAL COST 

RESACA DE LA GUERRA 

RGI- 1 $204,000 $204,000 
RGI- 2 $94,750 $94,750 
RGI- 3 $480,000 $1,545,000 $2,025,000 
RGI- 4 $89,700 $89,700 
RGI- 5 $43,000 $43,000 
RGI- 6 $30,000 $282,000 $312,000 
RGI- 7 $291,600 $291,600 
RGI- 8 $30,000 $210,000 $240,000 

CAMERON COUNTY DRAINAGE DISTRICT NO. 1 DITCH 

CCI- 1 
CCI- 2 
CCI- 3 
CCI- 4 
CCI- 5 
CCI- 6 
CCI- 7 
CCI- 8 
CCI- 9 
CCI- 10 
CCI- 11 
CC1- 12 
CCI- 13 
CCI- 14 
CCI- 15 

$764,000 

$42,000 

$356,000 
$66,600 

$1,026,400 

$1,980,000 

$3,525,000 
$86,400 

RESACA DEL RANCHO VIEJO 

RVI- 1 
RVI- 2 
RVI- 3 
RVI- 4 

$1,620,000 
$1,415,000 

$942,000 
$234,000 
$514,800 
$905,900 
$993,600 
$429,000 

$2,247,600 
$943,800 

$6,168,000 
$49,000 

$10,800,000 
$435,300 
$684,655 

$105,600 
$95,000 
$65,000 

$208,000 

$2,384,000 
$1,415,000-

$984,000 
$234,000 
$514,800 

$1,261,900 
$1,060,200 

$429,000 
$3,274,000 

$943,800 
$8,148,000 

$49,000 
$14,325,000 

$521,700 
$684,655 

$105,600 
$95,000 
$65,000 

$208,000 

* Construction costs shown include allowances for technical 
services and contingencies. 



Tile proj ected cost of the 1 oca 1 system and the roadway 
would total approximately $940,UOO and is shown in Table 
21, Volume I, and described in more detai 1 in Table 19, 
Volume I. 

C. Storm Sewer Structural Improvements 

The improvement of fl ood i ng cond it ions inmost parts of the 
City and surrounding area will be dependent on implementation 
of the improvements on the major resacas ana di tches as 
presented in the Master Drainage Plan in Chapter IX. 

The analysis and design of upgraded storm sewer trunks within 
the City have been based on the premise that the existing local 
tailwater conditions will remain for a long period as the 
portions of the i~aster Drainage Plan are implelJlented over a 
period of years. A summary of the upgraded storm sewer 
requirements is shown in Table 6, Volume I. 

The implementation of the storm sewer upgrades should not be 
placed on hold pending implementation of the improvements to 
the major systems of resacas and ditches. Where street paving 
improvements or reconstruction occur, the design criteria used 
in this study and the storm sewer analysis computer template 
should be used to correctly design the necessary storm sewer 
trunks. 

The philosophy of installing only the limited capacity of the 
existing pipes or structures will only serve to perpetuate the 
flooding problems the City experiences. This phi losophy will 
also negate the positive effects of preventing flooding that 
the improvements to the major system accomplish. 

D. Nonstructural Measures 

The cost s of structural and capita 1 improvements for dra i nage 
and flood control become a burden that the City must bear at 
some point in time, particularly if the development of a city 
has been relatively unregulated from a drainage engineeri ng 
standpo i nt. 

The policies, procedures and ordinances that a city enacts and 
follows and enforces can serve as a low cost solution to many 
of the drainage problems that are experienced. The proper 
management of currently developed and developing areas of the 
City can reduce future flooding problems and costs and 
litigation costs by giving a consistent, long-term approach to 
solving the problems. 

Several key elements should be considered for ilnplementation in 
the City of Brownsville. 
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1. Public Ownership and Access 

Tne major drainageways of the area fall in two categories, 
the resacas and the drainage ditches. 

The resacas and their banks have been developed as 
privately-owned bodies of water and are treated as private 
lakes. The resacas are, in many instances, also being 
used as storage for irrigation water and raw drinking 
water storage. 

These uses do not nave the primary goal of flood control 
in their operation and, therefore, often aggravate 
flooding problens. 

The drainage ditches are treated as pub 1 i c dra i nageways, 
but maintenance access clearance is narrow or non-existent 
in many areas. 

The drainageways of the City of Brownsville must be placed 
under closer contro 1 and ma i ntenance of a un ifi ed agency 
tnat will balance the need for ~ool elevations for beauty 
and water storage as well as flood control. 

As a minimum, a maintenance access easement should be 
obtained on both sides of all resacas, and each control 
struc ture that contro 1 s the outfl ow of each resaca poo 1 
should be accessible for puolic maintenance. The 
structures that can be adjusted to give varying pool 
elevations and greatly affect the flood levels should be 
under the control of a public entity. As new structures 
are built in the resacas, they should be analyzed in light 
of the r~aster Drainage Plan with the computer mOdels 
provided and approved by the City prior to construction. 

The resacas will be watched more closely now by the U.S. 
Army Corps of Engineers under their Section 404 permit 
program for dredge and fill in navigable waters and 
wetlands. 

The resacas can also be cons i dered Waters of State when 
structures are placed in the resaca bed to impound water. 
This statute can be found in Volume I of the Texas State 
Water Code, Section II, Subsection D, Permits to use State 
Water. Impounding structures placed in any waterway over 
30 feet in width will fall under this statute. This 
permitting process will give the City of Brownsville the 
revievi ana approval opportunity to preserve its drainage 
plans. 

The City should obtain a right-of-way (R.O.W.) easement 
\~ith all new ditch construction that allO\~s access from 
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Doth Sloes of the channel if the channel top width is 
greater than 50 feet. The rnore narrow channel sections 
can be ma i nta i ned with a 20- to 30-foot maintenance 
easement on one side. 

Concrete-lined sections can be maintained from within the 
channel bottom itself, but access to and from the channel 
must be maintained. A small drainage maintenance access 
easement on both sides is still desirable to keep fences, 
outbuildings, and other flow obstructions from being 
constructed too close to the channel and obstructing flood 
waters and, potent i ally, wash i ng downstream and formi ng 
debris clogs in bridges and culverts and causing higher 
flood levels. 

There seem to be four (4) maintenance options available to 
the City: 

a. Maintain the floodplains using City funds and crews. 
The City retains control of the areas (by easement, 
ownership, etc.) but must also assu;ne the financial 
burden associated with ownership; 

b. Fund mai ntenance by assessment of adjacent property 
owners based on floodplain frontage. City crews are 
still used but are funded on an assessment basis. 
City control is retained, and the financial burden is 
lifted, but the lag time in the assessment collection 
may require the City to temporarily front the 
funding; 

c. Form a Drainage District or Floodplain Management 
Agency to manage and maintain the floodplains. This 
creates a separate level of government that is 
spec ifi ca lly des i gned to address the management of 
these areas. The City is relieved of any financial 
burden, but also cedes control of the areas; and, 

d. Require adjacent property owners to be responsible 
for maintenance along their property "frontage". The 
financial problems and additional bureaucracy are 
resolved, but the City has only minimal control of 
the areas, and enforcement of regular maintenance and 
other requirements may be difficult. 

It is recommended that a Drainage District or Floodplain 
Management Agency be formed to manage and ma i nta in the 
flooaplains (the third alternative). 

Public control and maintenance of the drainageways and 
structures that influence flood levels must be implemented 
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or the expenditure of funds to improve the drainage 
problems will not be effective. 

2. Design Standards 

The newly developing areas and newly reconstructed areas 
of the City of Brownsville should follow a consistent set 
of design criteria for drainage. This will provide a 
uniform basis for flood protection throughout the City. 

The design and analysis section of this report, in 
conjunction with the guidelines being informally used by 
the City Engineering Department, should be formalized and 
enacted as a drainage ordinance to be applied to all 
construction. 

Several factors should be considered in developing these 
ordinances: 

a. The flow values used for designing structure sizes 
shoul d be based on the run-off characteri stics for 
the drainage area when it is fully developed. 
Drainagev/ays passing through a site should be 
designed to provide conveyance for run-off from 
upstream areas when they are fully developed. 

b. Design storm criteria for the main storm sewer trunks 
should be kept at the levels shown in the design 
criteria section of this report. Reducing the design 
storm does not significantly reduce the cost of the 
installed system since most of the cost is involved 
in placing these storm sewers is incorporated in the 
cost of opening the street, purchasing R.O.W., moving 
utilities, placing the structures and covering and 
refinishing the streets. The small decrease in pipe 
or culvert size obtained by going to a lesser design 
wi 11 save only a slnall fraction of the cost and 
multiply the risk of flooding several fold. 

c. The time frame required to implement the full Master 
Drainage Plan will be over a period of years. In the 
interim period, new building construction should be 
initiated to prevent flooding from the existing 
conditions. On new developments, and, to the extent 
practicable, on building permits within developed 
areas, several items should be required. 

1) A grading plan should be required that shows 
where all drainage and flows will drain. 

2) Finished floors of structures should be placed a 
minimum of 2 feet above the curb elevation on 
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the street elevation at the lowest point on the 
lot. Where the development occurs within a 
flood-prone area as defined on the existing FEMA 
maps, guidelines for construction should place 
the minimum finished floor 2 feet above the 
elevations shown in those reports. 

The water surface profiles of this report should 
be used to help determine the flooding potential 
of a developing area. The elevations of the 
water surface on the drainageway in question 
should be compared to the lot and floor 
elevations, and a determination of finished 
floor requirements should be made. 

3) Detention of flood waters on developing land 
should be considered. This can be implemented 
on a site-by-site basis (on-site) or on a 
regional basis. The use of detention will 
reduce the effect of deve 1 opment of i ncreas i ng 
run-off from areas as they change from 
undeveloped to developed land uses. 

These items can be funded by the developer in 
two ways, each tied into the detention style 
utilized. 

The on-site detention regulation vlOuld require 
that a developer design his grading and drainage 
plan to prevent the rate and volume of discharge 
from increasing. This can be relatively 
inexpensive when incorporated into a larger area 
of development under a well-designed, internal 
drainage plan. The developer pays for this 
directly as a part of his on-site drainage plan. 

The regional detention ordinance can develop a 
regional basin to catch the floods and release 
them at a rate no greater than the ciovmstrear,l 
channels and structures can handle. 

The cost of the regional detention structure 
should be spread over the drainage area above 
the regional detention structure and should be 
adjusted by the impact the development has on 
run-off. Large paved areas wi 11 increase run
off more than 1 arge, gras sy areas. Therefore, 
the areas with large amounts of impervious cover 
should pay a higher portion of the cost of the 
regional detention structure. 
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3. Planning and Zoning 

a. Zoning 

The areas that have been designated as new detention, 
channel and/or pump station areas should be protected 
from future development. Since these areas are, for 
the most part, located in the lOO-year floodplains 
and other flood-prone areas, it would be desirable to 
di scour age development because of the potential for 
flood damage. 

The Federal Emergency Management Administration 
(FEMA) requires adherence to very strict standards 
for floodplain development and the reclamation of 
floodplain lands. (Development in the actual 
floodway is not permitted.) Development in the 
floodplain in accordance with FEI4A guidelines is 
usually financially unattractive and affords 
protection from flooding in only a lOO-year storm. 
The development is not guaranteed against flood 
damage. For these reasons, it is not desirable to 
develop these natural areas. 

There is also a qualitative benefit to protecting 
these natural settings in urbanized areas. They 
provide a greenbelt effect and can be cultivated as 
linear parks with hiking/biking trails, as is the 
case with the l8-mile Trinity Trail in Fort Worth, 
Texas. The preservation of these natural areas is an 
amenity that cannot be quantified but does serve to 
enhance the "quality of life" of the area. 

b. Enforcement of Zoning and Protection of Floodplains 

It is recommended that these areas be preserved from 
further development utilizing the City's existing 
Floodplain Ordinance unti 1 such time as all drainage 
improvements are completed. 

These areas may be reserved in the same fashion as 
thoroughfare rights-of-way. At the time of 
subdivision platting/replatting, the dedication of a 
floodplain easement would be required to assure that 
development does not take place in these zones. 

There may be sOlne legal concern raised over the 
recent U.S. Supreme Court decision regarding zoning 
and "tak i ng" of 1 and. (I n that case, a church camp 
in Glendale, California was located in a floodplain 
and was a "non-conforming use". It was subsequently 
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destroyed by a flood. As a "non-conforming use", the 
City di d not allow the church camp to be rebui It. 
The church claimed a taking of the land without just 
compensation, and judgment was ruled in their favor.) 

Tni s case hinges upon the abi 1 ity of the property 
owner to show total los s of the use of the 1 and. As 
of this writing, a test case under this ruling has 
not yet been tried in the State of Texas. The City 
should be aware of any potential legal implications 
relating to the rezoning of land. 

c. Alternative Uses of Floodplains 

As stated in Section 3a. above, there are several 
alternative uses for the floodplain areas: 

1) The fl oodp 1 a ins can be 1 eft in thei r natural 
state and be promoted as 1 i near parks and 
greenbe lts; 

2) Residential properties can be allowed to develop 
adjacent to the floodplains, provided that no 
permanent structures are located within the 
floodplain; and, 

3) Commercial/office/retail properties can be 
a 11 owed to deve 1 op adj acent to the fl oodp 1 a ins, 
provided that no permanent structures or paved 
surfaces are located within the floodplain. 

Because of the potential for increased pollution due 
to urban surface storm water run-off, as well as the 
increase in storm water run-off alone, development in 
these areas is not recommended. The floodplains 
should be maintained in the natural state as park-
1 ike settings. 

d. Flood-Proofing 

There is no doubt that some areas can be "flood
proofed" in accordance with FEMA and City guidelines. 
However, the ability to do so can be a financial 
disincentive. Economics aside, allowing the 
development in these areas through either flood
proofing, reclamation or channelization will increase 
the run-off coefficients of adjacent areas. This 
development can result in an increase in the size of 
the floodplains, an increase the size of the 
structures requ i red to channel i ze the waterways, an 
increase in the poll ut i on of the waterways, or an 
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increase the potent i a 1 of i nundat i ng downstream 
properties. 

These areas should be protected from development 
because of their value as an urban amenity and their 
potential to increase pollution and storm water run
off. 

e. Cons i s tency 

It is imperative that the City review all pertinent 
ordinances, regulations, guidelines, etc., to assure 
consistency in the policies regarding the 
floodplains. All reyulatory instruments should be in 
agreement. Those not in compliance should be amended 
as soon as practicable. 

4. Jurisdictional Considerations 

The Study and Planning Area of this Plan encompassed an 
area of 117 square miles, five (5) major watersheds and at 
least seven (7) jurisdictional entities in some way 
related to flood control, drainage, irrigation or water 
supply. 

These entit ies and jurisdictions included the City of 
Brownsville, the City of Brownsville PUB, the Brownsville 
Irrigation and Drainage District, the County of Cameron, 
the Cameron County Drainage District No.1, and the Valley 
Municipal Utility Districts Nos. 1 and 2. 

These different entities make coordination of plans, 
permits, etc., very difficult as each entity may have 
s 1 i ght ly different goals, and a cons i stent, central forum 
for cooperation and communication does not exist. 

A county-wide forum or committee should be formed that 
incorporates input from all the above entities. This 
committee should develop a unified set of ordinances and 
review procedures that best fulfill their needs and 
complies with state and federal laws. 

This committee or commission should have power by law to 
enforce its findings; therefore, some type of empowering 
legislation is necessary. This legislation should corne 
from either the County or State level to give the 
necessary legal authority. 
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VII1. CAPITAL IMPROVEMENTS AND COST PROJECTIONS 

Each of the options proposed to correct a port i on of the fl ood i ng 
problems was evaluated for cost of construction and cost of 
potential right-of-way purchase. 

The costs of construction were projected based on the quantity 
calculations for the major system improvements and the storm sewer 
trunk system. 

Uni t pri ces are based on local prices for 1986. These prices 
inc 1 uded earthwork, concrete 1 i ni ng, rei nforced concrete cu 1 verts, 
pipe installation, pavement repair, and stormwater pump station 
costs. 

The construction costs projected include allowances for construction 
contingencies and technical services. 

To give a more accurate picture of the total costs of the capital 
improvements, a cost for right-of-way acquisition was also 
projected. This was based on the full recommended sections required 
for proper maintenance and a cost per acre supplied by the City of 
Brownsville Planning Department. 

This cost of $15,000 per acre was used where a high degree of 
development does not exist. In very congested areas where the major 
improvements impact a large number of landowners, the cost per acre 
was doubled to allow for the complexities of acquiring the right-of
way and easements. 

The summary of each major improvement and its associ ated right-of
way and construction cost is presented in Table 21, Volume I. 
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IX. MASTE~ DRAINAGE PLAN IMPLEMENTATION 

A. Recommended Improvements 

To be an effective management and engineering tool for 
improving the overall drainage system for the City of 
Brownsville, the Master Drainage Plan must provide an organized 
procedure for implementing specific structural modifications 
and flood mitigation measures. It must balance the relative 
and absolute flood protection benefits of specific improvements 
with the cost of the improvements and the abi 1 ity of the City 
to finance the improvements. In this regard, the Master 
Drainage Plan proposed herein is organized into two components: 
an Imrned i ate Improvements Program and a Long Range Improvements 
Program. Each of these is compri sed of a group of spec i fi c 
improvement measures that collectively provide for the required 
levels of flood protection. Each individual improvement 
measure within each of the programs also has been assigned a 
priority number which indicates the relative importance of 
implementing the rneasure with regard to its overall flood 
protection benefits and its cost. Priority numbers range from 
"one" for the most needed and effective improvements up to a 
maximu:ll value of "twenty-nine" for those improvements that 
provide marginal flood protection benefits re13.tive to their 
costs. 

Tile recommended Master Drainage Plan consists of the two 
improvements programs which together, \'Ihen fully implemented, 
comprise the ultimate lOO-year flood protection plan. The 
Immediate Improvements Program is the most essential co:nponent 
of the overall plan. It is cons i dered to be a program that can 
be i iTlP 1 ernented over the next fi ve (5) years and can provi de 
immediate solutions to some of the City's more severe flooding 
problems. This program provides the fundamental basis for the 
subsequent improvements that are contained in the Long Range 
Improvements Program, which cannot be effectively implemented 
until critical portions of the Immediate Improvements Program 
are in place. The Long Range Improvements Program mi ght be 
expected to be implemented over the next 25 years. 

The specifi c improvement measures that cornpri se the Immedi ate 
Improveillents Program are listed in Table 22, Volume I, in the 
order of their relative implementation priorities, and they are 
identified on the map of the Study Area in Plate 42, Volume II. 
These improvement measures are a subset of the alternatives 
1 isted and described in Chapter VII. The implementation 
priorities were developed through a complex iterative process 
involving successive operations of the HEC-l, HEC-2 and RESACA 
computer models. These models were modified to reflect the 
proposed improvements in the Town Resaca, North ~lain Drain, 
Resaca de la Guerra, and Cameron County Drainage District No.1 
Ditch. 
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Priority 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

6 

7 

TABLE 22 

RECOMMENDED IMMEDIATE IMPROVEMENTS PROGRAM 

NMI-l 

NMI-2 
NMI-3 

NMI-5 

NI~I-6 

CCI-15 

Improvement Measure 

Channel Widening from Port Autnority 
Ditch Upstream to Resaca de la Guerra 
Channel Realignment East of Airport 
Channel Realignment West of 
~innesota Avenue 
Modifications to Structure NM35 
at Boca Chica Blvd. 
Modifications to Structure NM32 
at Minnesota Avenue 
Flood Protection Facilities for 
Valley Com'[lunity Hospital 

TRI-l Ennanced Detention Storage near Los 
Torllates Banco 

TRI-4 Modifications to Structure TR26 near 
25th Street 

RGI-l MOdifications to Structure RG24 at 
North Main Drain Ditch 

RGI-2 Modifications to Structures RG22 and 
RG23 at ~orningside Road Crossings 

NMI-4 Channel Lining and Widening from 
Resaca de la Guerra Confluence 
Upstream to Impala Ditch Confluence 

NMI-20 Modifications to Airport Drainage 
System 

TRI-5 Stornlwater Pump Station near Los 
Tomates Banco 

TRI-9 Modifications to Structure TR25 near 
Lincoln Park 

TRI-2 Additional Detention Storage above 
Belthair Blvd. 

TRI-3 Modifications to Structure TR15 at 
Palm Blvd. 

TRI-7 Stormwater Pump Station near Ebony 
Lake 

NMI-23 New Detention Storage Area Downstream 
of International Boulevard 

Project 
Cost 

$1,540,000 
$468,500 

$242,000 

$572,000 

$322,000 

$684,655 

$3,540,000 

$148,000 

$204,000 

$94,750 

$2,300,000 

$4,725,000 

$5,625,000 

$256,000 

$434,000 

$150,000 

$2,345,000 

$4,275,000 



Priority 

8 

9 

9 

10 

10 

10 

11 

12 

13 

TABLE 22 

RECOMMENDED IMMEDIATE IMPROVEMENTS PROGRAM 

Improvement Measure 

CCI-l1 Additional Detention Storage Area 
Upstream of Central Avenue 

RGI-4 Modifications to Structure RGI3 at 
Palo Verde Drive 

RGI-6 Miscellaneous Modifications to 
Structures Between Billy Mitchell 
Boulevard and 14th Street 

NMI-17 Modifications to Structure NM3 at 
r~OPAC Ra il road 

NMI-27 New Detention Storage Area Upstream 
of Paredes Line Road 

NMI-32 Additional Detention Storage Area 
Upstream of MOPAC Railroad 

RGI-3 Diversion of Stor"~ater Flows during 
High Stage Conditions into Cameron 
Cou~ty Drainage District No. Ditch 
near the Paredes Line Road/Highway 802 
Intersection 

NMI-21 New Detention Storage Area South of 
Airport 

NMI-26 Stormwater Pump Station Upstream of 
Rockwell Road 

Project 
Cost 

$8,148,000 

$89,700 

$312,000 

$54,400 

$583,000 

$2,405,000 

$2,025,000 

$2,782,000 

$4,530,000 



With various combinations and sizes of the improvement 
alternatives incorporated in the nlodels, simulations of 
stormwater run-off and the resulting flood levels have been 
made for each of the drainage subsystems, \~ith the overall 
process systematically repeated until satisfactory water 
surface elevations were achieved. Cost considerations were 
factored into this process by continuously tracking the total 
program costs and striving to maintain an equitable balance 
bet'ween the projected financial burden to the City and the 
flooa protection benefits aerived for each combination of 
improvement alternatives. 

The Immedi ate Improvements Program focuses primari lyon 
reducing existing critical flooding problems in the Town 
Resaca, North Main Drain and Resaca de la Guerra drainage 
subsystems. Since outflows from all these subsystems presently 
combine downstream of Impala Ditch and then flow from the area 
through the North Main Drain channe 1 to the Port Auth or i ty 
Ditch, it is essential that this section of channel be 
significantly enlarged to handle greater volumes and rates of 
stormwater run-off. Stormwater flows in the middle and upper 
reaches of the North Main Drain subsystem also significantly 
exceed the existing channel capacity, and widening and 
concrete lining, along with corresponding improvements to 
exi sti ng bridges and cul verts, are required to increase the 
available conveyance through this reach. Even with these 
improvements, several stormwater detention ponds and a pumping 
station are necessary to achieve acceptable flood protection. 

As an alternative to major improvements to the North Main Drain 
Channel from Resaca de la Guerra to the Port Authority Ditch, 
the stonnwater pump station and detention pond (NMI-22) might 
be increased in capacity near the intersection of Esperanza 
Road and the levee. This pump station would pump stormwater 
from the North Main Drain Ditch and Resaca de 1 a Guerra into 
the Rio Grande. In order to accomplish this, the North Main 
Drain Ditch will need to be rechanneled to flow westward from 
the Resaca de la Guerra to the proposed new pump station. This 
Esperanza pump station alternative would be in lieu of channel 
improvements NtvlI-l, NI'1I-2, NrvlI-3, NI'1I-5, NMI-6, and N~1I-21. 
The additional costs associated with this alternative plan is 
projected to be approximately $2,500,000. If the pump station 
were to be located further southeast 011 Esperanza Road (see 
Plate 76, Volume II), the additional cost would be 
approximately $3,LlOO,OOO. 

In the two resaca subsystems, modifications to existing outlet 
structures 011 individual pools are necessary at several 
locations to inlprove conveyance. A new, major pump station and 
associated detention basin are required near Los Tomates Banco 
on Town Resaca to reduce the outflows from this subsystem into 
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Impala Ditch. Another smaller pump station near Ebony Lake is 
necess ary to lower fl ood 1 eve 1 s and to divert stormwater from 
the Town Resaca subsystem into the Rio Grande. 

A gravity diversion facil ity on Resaca de 1 a Guerra that 
discharges stormwater flows into a detention pond in the 
Cameron County Drainage District No.1 Ditch subsystem near the 
Paredes Line Road/Highway 802 intersection is required to 
reduce dO\~nstream flooding. The recommended immedi ate 
improvements for the Cameron County Drainage District No. 1 
Ditch subsys tem inc 1 ude a 1 arge detent i on storage area upstream 
of Central Avenue and a levee system and pumping station at the 
Valley Community Hospital. 

Since no significant flooding problems have been projected for 
the Resaca del Rancho Viejo subsystem, no drainage improvements 
are inc 1 uded in the Immedi ate Improvements Program for th i s 
sUbsystem. 

The simulated water surface profiles along the Town Resaca, 
North Main Drain, Resaca de la Guerra, and Cameron County 
Drainage District No.1 Ditch sUbsystems, with all the 
Immediate Improvements Program in place, are plotted in Plates 
43 through 46, Volume II, respectively. Profiles for the 2, 5, 
25 and 1 DO-year storm events are i nd i cated, along with the 
existing 100-year profile and the projected 100-year profile 
with the overall Master Drainage Plan fully implemented. 

Generally, implementation of the recomr.lended Immediate 
Improvements Program wi 11 lower 1 DO-year water 1 eve 1 sin the 
lower reaches of the subsystems by several feet and will result 
in lesser flooding in the upper reaches. Flood protection with 
this Program in place generally will be provided for the 25 to 
50-year storm on the Town Resaca subsystem and for the 50 to 
100-year storm on the Resaca de la Guerra subsystem. 

For North Main Drain upstream of Highway 77, a two-year flood 
protection generally can be expected. In the Four Corners area 
near Boca Chica Boulevard, 25-year flood protection can be 
expected, with lOa-year flood protection downstream of 
International Boulevard all the way to the Port Authority 
Ditch. Flood protection along the Cameron County Drainage 
District No.1 Ditch subsystem will be between the 2 and 5-
year storm level, although full laO-year protection for the 
Valley Community Hospital will be provided with a levee and 
pump system. 

The total projected cost of the recommended Immediate 
Improvements Program is approximately $48,855,000. This figure 
is the sum of the individual costs of the specific improvement 
measures included in this Program as itemized in Chapter VIII. 
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I f the Esperanza pump stat i on is constructed in 1 i eu of the 
downstream channel improvements on North Main Drain Ditch, the 
tota 1 project cost for the recommended IltIlIedfate Improvements 
Pl','Qg;ram lS approximately $5U,428, lUll. 

The recommended improvements for the Long Range Program are 
listed in Table 23, Volume I, along with their respective 
implementation priorities, and they are identified on the map 
in Plate 42A, Volume II. These improvements are of lesser 
importance than those in recommended Immediate Improvements 
Program, but they are essential for ultimately achieving 
1 DO-year flood protection throughout all the major drainage 
subsystems. Improvements in all five subsystems are included 
in this program. With complete implementation of the Long 
Range Program, the level of flood protection provided 
throughout all of the subsystems is expected to be at least the 
100-year storm. 

The 1 ~O-year water surface profil es correspond i ng to comp 1 ete 
implementation of the overall ~1aster Drainage Plan, i.e., the 
recommended Immedi ate Improvements Program and the Long Range 
Improvements Program, are shown on Plates 43 through 46 for the 
Town Resaca, Nortn l~ain Drain, Resaca de la Guerra, and Cameron 
County Drainage District No.1 Ditch subsystems, respectively, 
and in Plate 47 for the Resaca del Rancho Viejo subsystem. 

As discussed in Chapter V, most of the existing storm sewer 
trunks in the study area are undersized and are not capable of 
carrying stormwater flows in accordance with the adopted design 
criteria presented in Chapter IV. Although many of the 
existing pipes simply are under-sized, the hydraulic capacities 
of most of the storm sewers are severely 1 imited by the 
existing high tailwater conditions in resaca pools and ditches. 

With implelnentation of the major drainage improvements included 
in the Master Drainage Plan, these tailwater conditions will be 
significantly reduced, and storm drains will be able to 
function more efficiently. 

It is most desirable for improvements in the major drainage 
subsystems to be implemented first, before any significant 
expenditures are invested in upgrading the capacity of the 
storm sewer system. For this reason, improvements to the storm 
sewer system are considered to have an implementation priority 
similar to those in the Long Range Improvements Program, i.e., 
greater than about 20 in the priority numbering system. Most 
of these improvements simply will not be effective unti 1 a 
1 arge port i on of the i Inprovements programs are in place. In 
general, the install ation of addi tional storm sewer trunks in 
existing developments probably should not be undertaken in the 
next few years unless other associ ated street iinprovernents are 
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Pri ority 

14 CCI-3 

14 CCI-6 
14 CCI-7 

14 CCI-9 

15 CCI-4 
15 CCI-5 
15 CCI-8 
15 CCI-lO 

16 NMI-29 

16 NMI-30 

16 NMI-33 

17 Nr.,I-7 

17 NMI-8 

17 NMI-9 
17 NMI-1O 
17 NMI-ll 

17 NMI-12 
17 NMI-13 

17 CCI-12 

17 CCI-13 

18 RVI-l 

18 RVI-2 

18 RVI-3 
18 RVI-4 

TABLE 23 

LONG RANGE IMPROVEMENTS PROGRAM 

Improvement Measure 

Channel Lining and Widening from MOPAC Railroad to 
Harbor Road 

Channel Widening from Harbor Road to Highway 48 
Channel Lining and Widening from Highway 48 to Old 

Railroad Grade 
Channel Widening from Old Railroad Grade to the 

Southern Pacific Railroad 

Modifications to Structure CC17 at MOPAC Railroad 
Modifications to Structure CC16 at F.M. 511 
MOdifications to Structure CC13 at Highway 48 
Modifications to Structure CCID at Central Avenue 

Additional Detention Storage Area Upstream of West 
Price Road 

Aaditional Detention Storage Area Upstream of 
Central Boulevard 

MOdifications to Structures NM8 through NM12 froID 
West Price Road to Old Alice Road 

Channel Lining and Widening from Old Port Isabel Road 
Upstream to above Rockwell Road 

MOdifications to Structure NM19 at Old Port Isabel 
Road 

Modifications to Structure NM18 at Rentfro Street 
Modifications to Structure NM17 at Rockwell Road 
Channe 1 Wi den i ng fram above Rockwe 1 I Road Upstream 

to Mackintosh Road 
Modifications to Structure NM15 at Mackintosh Road 
Channel Lining and Widening from Mackintosh Road 

Upstre~n to Highway 77 
MOdifications to Structure CC7 at Old Port Isabel Road 

Additional Detention Storage Area Upstreanl of Dana 
Road 

Modifications to Structure RV37 at Port Authority 
Water Intake 

Modifications to Structure RV35 near head of Rancho 
Viejo Floodway 

Modifications to Structure RV31 at Rooindale Road 
Modifications to Structure RV28 Downstream of 

Paredes Line Road 



Pri ority 

19 TRI-8 

19 TRI-10 

20 TRI-6 

21 RGI-5 
21 RGI-7 

22 CCI-l 
22 CCI-2 

23 NMI-14 
23 NMI-15 

23 N!~I-16 
23 Nivii - 18 
23 NMI-19 
23 NMI-28 

24 CCI-14 

25 NMI-22 

26 NMI-34 

27 NMI-24 

28 Nr~I -31 

28 RGI-8 

29 Nr~I-25 

TABLE 23 (CONT'D.) 

LONG ~ANGE IMPROVEMENTS PROGRAM 

Improvement Measure 

Modifications to Structures TR18 & 19 near 
Gladys Porter Zoo 

Miscellaneous Modifications to Other Structures 

Drainage Diversion to Rio Grande for Portions of 
Subwatersheds 8, 9, 15, 20, 22, 28, 30 & 31 

Upstream Detention Storage above Highway 802 
Miscellaneous Modifications to Structures Between 

Old Port Isabel Road and F.M. 802 

Channel Widening Downstream of MOPAC Railroad 
Modifications to Structure CC18 at Highway 48 

Modifications to Structure NM6 at Central Boulevard 
j·10difications to Structure Nt~5 Between Central 

Boulevard and Honeydale Road 
i~odifications to Structure NM4 at Honeyaale Road 
~odifications to Structure NM2 at El Paso Road 
Modifications to Structure NM16 at Pareoes Line Road 
Modifications to Structure NM13B at Highway 77 East 

Access Road 

Channel Widening from the Southern Pacific Railroad 
to F .r~. 3248 

Stormwater Pump Station near Nogales School 

Modifications to Structure NM38 at South Port Road 
and Associated Channel Improvements 

Stor;nwater Pump Station Downstream of 
International Boulevard 

Storrnwater Purnp Station Upstream of Central 
Boulevard 

Modifications to Structure RG12 at Paredes Line Road 

Channel Lining and Widening and Structure 
Modifications from Downstream of International 
Boulevard to Old Port Isabel Road 



be i ng imp lemented and cost savi ngs can be real i zed by 
constructing all the facilities at one time. 

The increased numbers and sizes of pi pes requ i red to upgrade 
the overall storm drain system to the adopted design criteria, 
i.e., 5-year to 25-year capacities depending on drainage area, 
are listed in Table 6, Volume I. These improvements have been 
determined based on tailwater conditions for the existing major 
drainage subsystems, i.e., resacas and ditches, assuming that 
none of the projects listed in the improvements progrruns are in 
place. 

The sizes of these facilities and their affected tail water 
elevations should be determined at some future date when the 
major improvements which have been installed to that date can 
be assessed. 

Although the expenditures for upgrading the storm drain system 
to the adopted design criteria represents a considerable 
investment that is probably not practicable for the City of 
Brownsville at this time, it should be recognized that they 
represent an approximate upper limit because they are based on 
the inherent assumption that no additional improvements to the 
major drainage subsystems wi 11 be implemented unti 1 1 arge 
portions of i,nprovements programs are completed. Certainly 
this should not be the case if the recommendations of this 
Master Drainage Plan are seriously considered and incorporated 
into the City's overall capital improvements program. At the 
point in time in the future when specific modifications to the 
storm drain system are contemplated, hydraulic design 
calculations should be made based on appropri ate tai lwater 
conditions that correspond to the level of major drainage 
subsystem improvements, i.e., components of the improvements 
programs, that are in place or that are actually planned for 
implementation. The pipe template spreadsheet computer program 
developed as part of this planning study and provided to the 
City IS Engi neeri ng Department can be app 1 i ed very eas ily and 
quickly for these analyses on a case-by-case basis. 

B. Construction Priorities 

The priorities for implementing various components of the 
overall r~aster Drainage Plan are listed in Tables 22 and 23. 
They range in priority from "one" to "twenty-nine". Generally, 
several individual improvement measures have been assigned the 
same priority number, indicating that either they are 
interrelated and need to be implemented as a unit or they are 
genera 11 y of equa 1 importance with regard to the i r respect i ve 
flood protection benefits and associated costs within the 
context of the overall Master Drainage Plan. 
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The Imnediate Improvements Program includes specific projects 
that should be considered first in implementing the overall 
f~aster Drainage Plan. These improvements are essential for 
achieving adopted flood protection goals and for assuring the 
effectiveness of subsequent improvement measures in the major 
drainageways or in the storm sewer system. 

The cutoff between the Immedi ate Improvements Program and the 
Long Ran ge Improvements Program in terms of wh i ch i ndi v i dua 1 
components are inc 1 uded in the two programs is not ri gi d but 
flexible enough to be determined finally by the City's staff 
based on overall financing opportunities. Obviously, to be the 
most effective with respect to increased flood protection, as 
many of the individual improvement measures as possible need to 
be implemented as soon as possible. 

C. Schedule of Proposed Improvements 

The final schedule that ultimately is adopted by the City for 
impl ement i ng components of the r~aster Drainage Plan should 
weigh the relative importance of increased flood protection 
against the need for other expenditures within the framework of 
the City's overall capital improvements program. The total 
cost fi gure of the Im,nedi ate Improvements Progra:n and its five
year implementation time frame generally have been considered 
to be practicable for the City of Brownsville, given the City's 
recent experience \~ith the first $12,500,000 phase of the 
$48,000,000 street improvements bond package. 

Certainly, the total cost of the Immediate Improvements Program 
can be tailored to fit the City's funding limitations, but the 
five-year schedule for implementing at least some major 
dra i nage system improvements shou 1 d not be 1 engthened. The 
total costs and time-frames for the Long Range Improvement 
Program, of course, should be developed and modified as 
necessary during the course of implementing portions of the 
initial improvements over the next several years. 

D. Funding of Proposed Improvements 

The proper implementation of any public works project requires 
adequate funding. A portion of the revenue generated, perhaps 
10%, should be set aside in a designated maintenance escrow 
fund and used to maintain each project built. This will 
protect the initial investment of capital and provide a 
continued high level of flood protection. 

Funding of drainage ilnprovements in outlying areas should be 
provided Dy developers or included with the fees charged to 
developers, or the design and zoning requirements should 
specifically stipulate how adequate drainage facilities are to 
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be constructed. This is discussed in the latter parts of this 
section in more detail. 

Several methods of funding the improve:nents proposed in the 
Master Drainage Plan are suggested in the following sections: 

1. Bonds 

The funding of public works improvements is normally 
undertaken with the sale of municipal bonds (general 
ob 1 i gat i on bonds supported by tax revenues). The revenue 
generated from these bonds is then used to fi nance the 
design and construction of the public works improvements. 

Bonds can also be issued to finance improvements by Flood 
Control and Improvement Districts. If a special area-wide 
district is created to deal with the problems, then bond 
sales can be used by this entity for financing these 
improvements. 

2. Drainage Assessments 

The rec i pi ents of the benef its of drainage improvements 
usual1y own land or property within a defined drainage 
basin and can normal1y be assessed for their portion of 
the benefits on a per acre basis. 

HO\~ever, the extreme f1 atness of the area and the complex 
interconnections of the major watershed systems could make 
benefi t rec i pi ents and cost assessments difficult to 
allocate on the smaller improvements in the upper reaches 
of the watersheds. For major improvements at the 
downstream end of the watersheds, all upstream 1 and owners 
wi 11 benefit by more rapid dispersal of flood waters. 
These major improvement costs for downstream channels 
could equitably be assessed to all landowners in the 
respective waterShed. 

3. Ut i 1 ity Fee 

A potenti a 1 source of revenue is the ut i1 ity fee app lied 
to the water and sewer bills of the citizens of 
Brownsvi l1e. The utility of drainage is an important 
public benefit to be provided to the citizens. The basic 
provision of adequate storm drainage facilities protects 
property and 1 i fe and provi des for other communi ty 
services, such as better access for police, fire, and 
ambulance services during a flood disaster. 

The use of a drainage utility fee could be an ongoing plan 
and a fund to provide for construction and maintenance of 
new drainage facilities for the City. It could also be 
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set up to be utilized, when needed, for each phase of the 
plan and placed on ilold when sufficient funds had 
acc umu 1 ated to serve the purpose of construction, 
maintenance or repair of the particular phase of 
construction. 

4. Government Aid 

State and federal assi stance can be sought to provide 
funding or a portion of the funding necessary to construct 
the drainage improvements. 

Tile Texas Water Development Board should be contacted for 
available programs of assistance that could be utilized. 

The U.S. Army Corps of Engineers should also be contacted 
for the potential of financial assistance. 

The U.S. Water Resources Council is a good resource for 
finding sources that other cities have used to finance 
flood control projects. 

5. Improvements in Outlying Areas 

For outlying areas the need to provide adequate drainage 
facilities must be met. This need can be met initially by 
assessing a development fee or impact fee on a per 
developed acre basis on which is deposited to an interest 
bearing fund to pay for future improvements and the total 
system for the developing area on a regional basis. 

On a local basis, the developer should install all 
drainage improvements in his subdivision as required by 
the design criteria and pass on this cost to the buyer of 
the developed and improved land. In this way, the cost of 
adequate drainage faci 1 it i es wi 11 be borne by future 
cit i zen sin the spec if i c are a benefitted rather than 
distribute the costs to citizens throughout the City. 
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x. MAINTENANCE PLAN 

A. General 

The maintenance plan for existing drainage courses and storm 
sewers should be one that occupies a high priority in the 
budgetary, pol itical, and human resource allocations of the 
City of Brownsville. The detrimental effects of 1 ack of 
maintenance are manifold. They include: 

1. Flood damages to publ ic and private structures during 
flood events; 

2. Long-term damage or deteri orat i on of roads due to poorly 
drained road sub-bases. 

3. Loss of income to individuals, businesses and taxing 
authorities from cessation of business due to flooding of 
buildings and lack of passable routes for employees to 
their workplace; and, 

4. Potential for lawsuits against the municipalities and 
agencies responsible for maintenance. 

The maintenance of the storm drainage facil ities on a routine 
basis cannot be overemphasized, as a maintenance plan is 
essential for the City to be able to provide a reliable storm 
drainage system. 

B. Priorities for Maintenance 

The ideal situation for maintenance plans is for sufficient 
money to be available to cover all the problem areas 
simultaneously. However, the reality of the situation is, 
often, only a fraction of the necessary funds are available to 
perform the many required tasks. The problem then becomes one 
of assigning priorities to what areas will be maintained first 
and how the distribution of effort shall be allocated. 

To most effectively solve the problem, emphasis should always 
be placed on the downstream, outflow reaches of an area 
experiencing problems. This is justified because money spent 
to clean or improve conditions of existing drainage facilities 
in a local neighborhood or street intersection wi 11 not 
significantly help the problem if the channel or structure 
downstream will not allow the floodwaters to leave the problem 
area. Also, it is the most effective use of the City's 
maintenance dollars since it benefits everyone in the basin. 

As a general rule, it is best to spend a majority of the 
available funds on maintenance of the outlet channels, ditches 
and resacas to allow them to pass floodwater. Specifically, 
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the maintenance effort should be scheduled to clean, repair or 
improve conditions at the most downstream areas of the region 
that needs help and then work progressively upstream toward the 
smaller areas. 

This would apply also to storm sewer pipes and related systems. 
Outlets of the storm sewer system should be cleaned first and 
opened; then trunks; then inlet laterals and inlets. 

An ongoing program of maintenance and cleaning can incorporate 
both these activities so that inlets are being cleaned by some 
of the City personnel while the majority of the other cleanout 
and maintenance activities occur downstream at the same time. 

A schedule of maintenance should be evaluated and set up based 
on the physical inventory provided in this report and the 
available resources and funding for the City. This should 
strive for a frequency of cleanout and repair that approaches 
at least an annual basis for streams, ditches and open 
channels. 

C. Pump Stations 

The importance of the storm water pump stations, particularly 
the Impala Pump Station, to the rapid dispersal of flood waters 
throughout the City is the same as the major outlet channels, 
resacas, and ditches. Since it is an active conveyor of water, 
and not a passive conveyance, it should be inspected and tested 
weekly to provide for assurance of its operation in the event 
of a flood. This pump maintenance schedule has already been 
implemented by the City Engineer. 

Additional effort and emphasis should be placed on the 
maintenance of the inlet channels and sumps for each of the 
pumps so that floodwaters can effectively reach the intakes and 
be picked up by the pumps. This will provide the most 
effective use of the pumps that have been installed. 

A maintenance checklist should be kept accessible for each pump 
setup that lists the pump supplier, how to obtain service and 
who in the City administration is authorized to order and 
obtain parts and service. 

Each pump station should have a log listing maintenance 
procedures that have been performed, date, and by whom they 
were performed. Where diesel or gas standby generators are 
available, any special procedures necessary to start and 
operate these engines should be 1 isted. There should be at 
least two persons that know how to operate each pump and 
associated equipment to provide continuity in operation in case 
one person is, for some reason, not available. 
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D. Ditch and Pipe Maintenance 

The extremely flat terrain of the area produces two problems 
for the ditches (and pipes) in the study area. One problem is 
the large sizes of structures required to carry away the flood 
water run-off, due to the flat slopes of the channel or pipe. 

The second problem posed by the flat slopes is the slow 
velocities produced in the channels and pipes, especially 
during periods of low flow. These slow velocities prevent the 
channels from carrying away sediment and silt loads that are 
washed into the drainageways. This sediment reduces the 
capacity of the channel or pipe and, in the case of open 
concrete-l i ned channe 1 s, provi des a base for the start of 
vegetation growth. This vegetative growth further drastically 
reduces the flow conveyance capacity of the channel and, in 
time, will drastica11y increase flood problems upstream and 
locally. 

The problem of flat channel slopes and the associated problems 
caused can not be solved directly, due to the topographic 
1 imitations of the region. However, steps can be taken to 
minimize the sedimentation problems in the system. 

These steps include the following: 

1. An ordinance should be adopted requlrlng sediment control 
measures on all new construction or whenever vegetative 
cover is removed. These preventive measures could include 
silt fences, hay bales, and mulching of disturbed areas. 

2. Street sweeping and inlet cleaning will minimize the 
amount of dirt and debris that is transported into the 
system and directly aid in prevention of local flooding 
problems due to plugged inlets. 

3. Excessive use of fertilizer on lawns and landscapes 
contri butes to veget at i on growth in th e ditch es an d 
resacas. This can be minimized by a public education 
program that would encourage more frequent cutting of 
1 awns and allowing the cl ippings to fall and provide an 
easier decomposition of the lawn clippings. This 
alleviates the need to fertilize as frequently. This plan 
also reduces the amount of material that trash collection 
trucks and personnel carry. This plan benefits the City 
in several ways and would help the drainageways of the 
City stay more clear of vegetation growth. 

E. Access and Easement Considerations 

To provide adequate drainage capacity in the existing or 
proposed facilities, maintenance must be performed on a regular 
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basis in all areas of the system. All areas of the system must 
be accessible to the public agency charged with responsibility 
of rna i ntenance. Mai ntenance easements, access ways and/or 
access agreements should be available for all areas and 
structures along the resacas and ditches that exist in the 
area. Where new drainage facilities are constructed, the 
provision of the access ways should be incorporated in the 
right-of-way purchased. For existing areas on resacas and 
ditches that do not have maintenance acces s, a strong effort 
should be made to obtain a maintenance easement of 20 feet on 
one side for ditches and 30 feet on each side for resacas. 

There are areas in this Master Drainage Plan that show the need 
for immediate channel expansion or future channel construction. 
These areas should be protected, and suffi cient ri ghts-of-way 
should be provided with new development, especially in 
subdivisions and commercial development. The new development 
should provide the channel or drainageway capacity required by 
the City design criteria. 

F. Channel Mowing and Cleaning 

The capacity of the channels and ditches analyzed in this study 
and proposed in this plan are directly related to the 
maintenance performed. Allowing excessive vegetal growth and 
debris accumulation to occur can easily reduce the channel 
capacity to half and increase the frequency of flooding by 
Inanyfold. For this reason, maintenance of the channels and 
ditches is vital, particularly in the downstream areas. 

The minimum recommended interval for ditch mowing and cleaning 
is once per year. 

G. Resaca Maintenance 

The resacas serve as stormwater storage duri ng 1 arge storms. 
Their existing storage volumes should be protected or 
increased. This, however, cannot be accomplished by dredging 
the resacas below normal pool levels. The only storage 
capacity usable lies above the normal pools. Dredging will 
only have benefit if the resacas can be drained to the lowest 
possible level prior to the onset of a storm. This lowering of 
the water will undoubtedly produce protests from adjoining 
landowners but would be preferable to flood damage and 
subsequent legal problems to those same landowners. 

The structures that control the levels of the resaca pools 
should be regulated by a public agency to provide maximum 
benefits to the pub 1 i c for flood, water supply and pool 
controls. Flood control devices and maintenance of pool levels 
should be placed in the hands of a public agency that is 
responsible for the good and benefit of the general public. 
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H. Pipe and Inlet Cleaning 

The need for cleaning and maintenance of the storm sewer system 
is vital to maintain the ability of the system to convey water 
away from the streets and occupied areas of the City. Visual 
inspection should occur at manholes at least once every year. 
All structures should be flushed with water to remove debris on 
this frequency also. 

I. Easement Enforcement 

The drainage easements along drainageways should be enforced to 
prevent structures bei ng bui It along the easement that wou 1 d 
preclude access to channels. Since many drainageways carry 
flood flows along the channel banks, the construction of fences 
and other flow-obstructi ng structures should be prohibited in 
the easement. 

The resaca systems and proposed maintenance easements should be 
maintained in a way that prevents encroachment into the resaca 
pools using up flood storage capacity. This would preclude 
filling of the resacas with earth structures for private use. 

Capacity of the ditches and channels should be protected by 
enforcing, prosecuting and fining those that dump trash or 
other items in the ditches. 

J. Funding of Maintenance 

The importance of maintenance has been emphasi zed previously, 
but the problem becomes how to fund the work. The key to 
maintenance in a tight budget situation is to provide 
designated funds in an account that cannot be tapped for other 
uses. 

Funds for maintenance can be taken from the new construction 
cost by designating a portion (5 to 10 percent) of the funds 
obtained to be placed in an escrow account to fund annual 
maintenance. Access to these funds should be restricted to use 
only for maintenance. This would be readily accountable by 
using contract services to provide this maintenance. This use 
of local contractors would also provide help to the local 
economy on a continuing basis. 

-68-



.... 

.... 

.... 

.... 

.... 

CHAPTER XI------
.... 



XI. GLOSSARY OF TERMS 

AMC 
Antecedent moi sture condit i on; a measure of the soi 1 moi sture present 
before a storm. 

Boardweir 
A weir made with horizontal boards. 

Box culvert 
A culvert with one or more rectangular openings. 

c.f.s. 

CMP 

Cubi c feet per second. A measure of fl ow rate or volume of water per 
unit time. 

Corrugated metal pipe. 

Conveyance 
The ability of a channel to carry water. 

Culvert 
A pipe or enclosed conduit that will carry flow. 

Curve Number 

D.A. 

Dike 

An indicator of potential watershed run-off characteristics based on 
soil-type and land-use. 

Drainage area of the watershed in acres or square miles. 

Abbreviation for downstream. 

An embankment used to divert flow or protect sensitive areas from flood 
waters. 

Flow line 
The lowest point in a channel or pipe that will carry flow. 

Freeboard 
Distance between the water surface elevation and top of embankment or 
channel. 

Frequency 
The average return period of a rainstorm or other event (i.e., lOO-year 
storm) . 

ft. 
Feet 

-69-



g.p.m. 
Gallons Per Minute. A measure of flow rate or volume of water per unit 
time. 

Hydrograph. 
A graph or representation of the increase and decrease of flow in a 
channel drainage system during rainfall. 

The time from the beginning of a storm to the peak of the unit 
hydrograph. 

Manning Equation 
A steady flow prediction equation using standard hydraulic principles. 

PMP 

RCP 

Probable I~aximum Precipitation; the maximum rainfall depth that is likely 
to occur given the most extreme meterological conditions. 

Reinforced Concrete Pipe 

Resaca 
Portions of old river bed that have been left behind when the river 
channel flow has shifted to another path. 

Return Period 

SCS 

The average elapsed time between events hav i ng the same probabil i ty of 
exceedance. 

Soil Conservation Service. 

SCS Curve 
See Curve Number definition. 

Stationing .. 
(i.e., 300+05) An engineering and construction notation for measuring 
distance along a project or survey line. Each station number represents 
100 feet. The number to the right of the + sign is in feet. As an 
example, the station notation above would be 300 stations times 100 feet 
per station which equals 30,000 feet. The + 05 indicates it is 5 feet 
more. So the notation shown indicates the Station 300 + 05 is 30,005 
feet from the beginning zero (0) point known as ° + 00. 

Subarea 
Subdivisions of a larger area. 

Time of Concentration 
The time it takes for a particle of water to travel from the most distant 
part of the watershed to the point of consideration. 
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Abbreviation for upstream. 

Unit Hydrograph 
Watershed run-off simulation technique. 

Weir 
----- A simple type of overflow spillway wlth a generally horizontal surface. 
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TABLE Al 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI 1D 1 AREA IFACTOR 
1 NO. 1 NO. 1 1D 1 NUMBER 1 (ACRES) 1 "c" 
1========= =====1=========1========1========1======= 
1 TR0301 
1 TR0302 
1 TR0302 
1 TR0302 
1 TR0302 
1 TR0401 
1 TR0401 
1 TR0401 
1 TR0401 
1 TR0402 
1 TR0501 
1 TR0501 
1 TR0501 
1 TR0501 
1 TR0501 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TK0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0601 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0701 1 
1 TR0801 1 
1 TR0801 1 
1 TR0801 1 

1 TR0801 1 

1 TR0901 1 
1 TR0901 1 
1 TR0901 1 
1 TR0901 1 

1 1 TR03 
1 1 TR03 
1 1 TR03 
1 1 TR03 
1 1 TR03 
1 1 TR04 
1 1 TR04 
1 1 TR04 
1 1 TR04 
1 I TR04 
1 I TR05 
1 I TR05 
1 I TR05 
1 1 TR05 
1 1 TK05 
1 I TR06 
1 I TR06 
1 I TR06 
1 I TR06 
1 1 TR06 
1 1 TR05 
1 I TR06 
1 1 TR06 
1 1 TR06 
1 1 TR06 
1 I TR06 
1 1 TR07 
1 I TR07 
1 I' TR07 
1 I TR07 
1 I TR07 
1 I TR07 
1 I TR07 
1 I TR07 
1 1 TROS 
1 I TROS 
1 I TROS 
1 I TROS 
1 I TR09 
1 I TR09 
1 I TR09 
1 I TR09 

1 3.03 1 5.30 I 0.50 
1 3.02 I 2.85 I 0.3S 
I 3.05 I 6.46 I 0.50 
I 3.01 I 7.63 I 0.40 
I 3.04 I 4.55 1 0.40 
I 4.03 I 10.09 I 0.50 
1 4.04 I 9.25 I 0.50 
1 4.05 1 5.72 1 0.50 
I 4.06 1 5.55 1 0.50 
I 4. 01 I 11. 16 1 o. 50 
1 5.05 I 22.15 I 0.70 
I 5.02 5.44 I 0.65 
I 5.01 6.12 1 0.65 
I 5.03 6.69 1 0.65 
1 5.04 15.91 1 0.6S 
I 6.0S 7.09 I 0.90 
I 6.01 7.62 1 0.50 

6.09 5.10 I 0.90 
6.03 10.S7 I 0.70 
6.02 6.19 I 0.70 
5.06 5.52 I 0.90 
6.07 6.46 I 0.90 
6.06 1.S2 I 0.90 
6.05 3.75 I 0.90 
6.04 7.33 I 0.90 
6.10 2.73 I 0.90 
7.07 7.91 I 0.90 
7.0S 3.38 I 0.90 
7.06 15.34 I 0.60 
7.09 4.95 I 0.50 
7.05 4.98 I 0.60 
7.04 12.78 I 0.60 
7.03 4.04 I 0.65 
7.02 15.43 I 0.45 
S.02 10.S7 I 0.50 
8.04 7.32 I 0.50 
S.03 15.49 I 0.50 
S.05 2.04 I 0.50 
9.03 1.90 I 0.50 
9.04 2.20 I 0.50 
9.05 5.01 0.50 
9.06 7.34 I 0.50 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI 10 1 AREA If ACTOR 1 
1 NO. NO. 1 ID 1 NUMBER 1 (ACRES) 1 "C" 1 
1========= =====1=========1========1========1======= 
1 TR0901 1 1 TR09 9.02 1 5.72 1 0.50 
1 RRS0202 2 1 RS02 2.07 1 3.47 1 0.90 
1 RRS0202 2 1 RS02 2.09 1 1.59 1 0.90 
1 RRS0202 2 1 RS02 2.06 1 6.87 1 0.90 
1 RRS0202 2 1 TR15 15.05 1 2.73 1 0.90 
1 RRS0202 2 1 TR15 15.3 1 2.27 1 0.90 
1 RRS0202 2 1 RS02 2.08 1 2.51 1 0.90 
1 RRS0202 2 1 TR15 15.29 1 1.46 1 0.90 
1 RRS0203 2 1 TR15 15.14 1 13.18 1 0.90 
1 RRS0203 2 1 TR15 15.17 1 5.01 1 0.90 
1 RRS0203 21 RS02 2.03 1 4.951 0.90 
1 RRS0203 2 1 RS02 2.02 1 5.67 1 0.90 
1 RRS0203 2 1 RS02 2.05 1 21.8 1 0.90 1 
1 RRS0203 2 1 RS02 2.04 1 13.85 1 0.90 1 
1 RRS0203 2 1 RS02 I 2.01 1 5.47 1 0.90 1 
1 RRS0203 2 1 TR15 1 15.15 1 5.58 1 0.90 1 
I RRS0203 2 1 TR15 1 15.16 1 6.35 1 0.90 1 
1 TR1501 2 1 TR15 1 15.20 1 19.24 1 0.50 1 
1 TR1501 2 1 TR15 1 15.40 1 15.20 I 0.90 1 
1 TR1501 2 1 TR15 1 15.03 1 8.74 1 0.90 1 
1 TR 1502 2 1 TR 15 I 15.60 I 2.65 I 0.50 I 
I TR1502 2 I TR15 I 15.01 I 11.96 1 0.50 I 
I TR2001A 2 I TR15 1 15.01 1 19.24 1 0.90 1 
I TR2001A 1 2 I Tf{15 1 15.02 1 31.1 1 0.90 I 
I TR2001A I 21 TR15 1 15.261 11.571 0.901 
1 TR2001A 1 2 1 TR15 1 15.04 1 15.2 I 0.90 1 
1 TR2001A I 2 I TR15 I 15.08 I 11.96 1 0.90 I 
1 TR2001A I 2 1 TR15 I 15.25 I 15.83 I 0.90 I 
I TR2001A I 2 I TR15 I 15.03 1 8.74 I 0.90 I 
I TR2001A 2 I TR15 1 15.27 I 14.78 I 0.90 I 
I TR2001A 2 I TR15 I 15.24 I 7.69 I 0.90 I 
I TR2001A 2 I TR15 I 15.28 1 15.2 I 0.90 I 
I TR2001A 2 I TR20 I 2.13 I 7.69 I 0.90 I 
I TR2001B 2 I TR15 1 15.1 I 2.73 I 0.90 I 
I TR2001B 2 1 TR15 I 15.11 I 2.76 I 0.90 I 
I TR2001B 2 1 TR15 1 15.07 I 4.26 I 0.90 I 
I TR2001 B 2 I TR 15 1 15. 12 1 2.59 1 0.90 I 
I TR2001B 2 1 TR15 1 15.06 1 2.65 1 0.90 1 
1 TR2001D 2 1 RS02 1 2.12 I 1.99 I 0.90 1 
1 TR2001D 2 I RS02 I 2.11 I 3.74 I 0.90 I 
I TR2002 2 I TR15 15.23 10.25 0.90 
I TR2002 2 I TR15 1 15.19 I 8.11 1 0.90 1 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTERI STI CS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 I1AJOR 1 DRAINAGE 1 DRAI NAGE 1 RUN-OFF 1 
1 TRUNK ISHEETIWATEI{SHEDI ID 1 AREA IFACTOR 1 
1 NO. 1 NO. 1 ID 1 NU;1BER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
1 TR2002 1 2 1 TR15 I 15.2 I 7.29 I 0.90 1 
1 TR2002 I 2 I TR15 1 15.22 I 12.74 I 0.90 I 
1 TR2002 1 2 I TR15 I 15.18 I 9.45 I 0.90 1 
I TR2002 I 2 1 TR15 I 15.21 1 6.89 I 0.90 I 
I TRS0201 I 2 I RS02 I 2.1 1 6.57 1 0.90 1 
I NI'lO 1 01 I 3 1 NMO 1 I 1. 08 1 12 .70 1 0 .50 I 
I N:>10 1 0 1 I 3 I NMO I I 1. 10 1 13. 14 I 0.50 1 
I N~lO 1 0 1 I 3 I N MOl 1 1 • 13 1 21. 25 I 0 . 50 I 

NM0101 I 3 1 Nt101 I 1.12 I 22.85 I 0.50 I 
NM0101 I 3 I NMOI I 1.07 I 15.72 I 0.50 1 
NM0101 1 3 1 Ni>l01 1 1.12 1 23.34 I 0.50 1 
NM0101 1 31 NMOI I 1.13 1 21.251 0.501 
N:'W 101 1 3 1 NNO 1 1 1. 07 1 15.60 1 0.50 1 
N~10101 1 3 1 NI'101 1 1.10 1 13.31 1 0.50 1 
NM0101 1 3 1 NNOI 1 1.08 1 11.61 1 0.50 1 
NM0102 1 3 1 NMOI 1 1.05 1 18.05 1 0.50 I 
Ni''10102 1 3 1 N,\IOI I 1.03 1 3.76 1 0.50 I 
N~10102 1 3 1 N ,"1 0 1 1 1.03 1 3.76 1 0.50 1 
N;"10102 1 3 1 NNOI I 1.04 I 6.96 I ,0.50 1 
NM0102 1 3 1 N:.IOI 1 1.05 1 18.05 1 0.50 1 
N:-10102 1 3 1 NMOI 1 1.02 1 4.41 1 0.50 I 
N~10102 I 3 1 NMOI I 1.06 1 13.15 1 0.50 1 
NM0102 1 3 I Nt-IOl I 1.06 I 13.15 I 0.50 
NM0102 I 3 I NMOI 1 1.02 1 4.41 1 0.50 
NM0102 I 3 1 NM01 I 1.04 I 6.96 1 0.50 
NM0102 I 3 1 N,"101 I 1.01 I 6.28 I 0.50 
NM0102 I 3 I N~101 1 1.01 1 6.28 1 0.50 
NMO 1 03 I 3 I NMO 1 1 1. 14 I 18 • 22 1 0 • 50 
NM0103 I 3 I N~101 I 1.11 I 12.64 1 0.50 
NM0103 1 3 I Nt-lOl I 1.15 I 3.02 I 0.50 
NM0103 I 3 I NMOI 1 1.09 1 12.42 1 0.50 
RR0301 1 3 I RR03 I 3.02 I 11.20 I 0.50 
RR0301 I 3 I RR03 1 3.03 1 13.07 I 0.50 
RR0301 1 3 I RR03 1 3.04 1 8.56 1 0.50 
RR0301 1 3 1 RR03 1 3.01 1 6.02 1 0.50 
RR0302 1 3 1 RR03 1 1 • 11 1 13.13 1 0.50 
RR0302 I 3 1 RR03 1 1 .09 1 12.42 1 0.50 
RR0302 1 '3 1 RR03 1 1.14 1 17.74 1 0.50 
CC0441 1 4 I CC04 1 4.48 1 3.45 1 0.55 
CC0441 1 4 1 CC04 1 4.49 I 5.73 \ 0.55 
CC0441 1 4 I CC04 1 4.46 3.67 0.55 
CC0441 1 4 1 CC04 1 4.47 1 8.74 1 0.55 



TABLE Al (CONT I D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 I I 1 
1 1 1 MAJOR IDR,I\INAGEIDRAINAGEIRUN-OFF 
1 TRUNK ISHEETIWATERSHEDI ID 1 AREA IFACTOR 
1 NO. 1 NO. 1 TO 1 NUMBER 1 (ACRES) 1 "C" 
1=========1=====1========= ========1========1======= 
1 CC0442 1 4 1 CC04 4.50 1 2.31 I 0.55 
1 CC0442 I 4 I CC04 4.56 I 4.66 I 0.55 
I CC0442 1 4 I CC04 4.53 I 3.34 I 0.55 
1 CC0442 I 4 1 CC04 4.52 I 1. 39 I 0.55 
I CC0442 1 4 I CC04 4.51 1 1.80 1 0.55 
I CC0442 I 4 I CC04 4.54 1 5.91 1 0.55 
I CC0442 I 4 1 CC04 4.57 I 4.89 1 0.55 
I CC0442 1 4 1 CC04 4.55 1 4.66 1 0.55 
1 Nr~1401 1 5 1 NM14 14.07 I 2.48 1 0.50 
1 NM1401 I 5 I NM14 14.09 1 6.35 1 0.90 
I NI41401 1 5 I Nt114 14.06 1 2.26 1 0.50 
I N~1l40 1 1 5 1 N;\1 14 14.04 I 2.30 I 0.70 
1 NI'11401 I 5 1 NM14 14.11 1 11.83 I 0.50 
1 N~1l401 1 5 I N:'114 14.08 1 3.45 1 0.50 
1 Nl11401 1 5 I NI114 14.05 1 1.74 I 0.50 
1 NN1401 1 5 I N~1l4 I 14.12 I 5.14 I 0.50 
I NM1401 I 5 I NM14 1 14.03 I 2.12 I 0.70 
I NM1401 I 5 I NM14 1 14.02 I 14.25 I 0.70 
1 NM1401 I 5 I NM14 1 14.10 1 13.86 1 0.50 
I NM1402 I 5 1 NM14 1 14.17 1 10.19 1 0.50 
I Nr11402 1 5 I TR37 1 37.01 1 3.58 1 0.50 
1 NM1402 I 5 1 NM14 1 14.23 1 1.16 1 0.50 
1 NM1402 1 5 I NM14 1 14.14 I 4.04 1 0.50 
I NM1402 1 5 I NM14 1 14.19 1 0.68 1 0.50 
1 Nt11402 1 5 1 N1414 1 14.18 1 2.85 1 0.50 
1 N~11402 1 5 1 N~l14 1 14.24 1 2.75 1 0.50 
1 NM1402 I 5 I NM14 1 14.21 1 5.44 1 0.50 
1 NM1402 I 5 1 N~114 1 14.13 1 8.85 1 0.50 
1 NM1402 1 5 I, NM14 1 14.22 1 0.92 1 0.50 
1 N~11402 1 5 I N~1l4 1 14.20 1 40.59 I 0.50 
I NM1403 I 5 1 NM14 I 14.15 1 10.27 I 0.50 
1 NM1403 I 5 1 NM14 I 14.16 1 6.09 I 0.50 
I NM1404 I 5 1 N1412 I 12.00 1 9.99 I 0.50 
I NM1404 I 5 1 NM13 I 13.00 I 69.20 I 0.50 
I Nt11405 I 5 I NM11 I 11.01 I 3.431 0.90 
1 NN1406 I 5 I 1'11'111 I 11.02 I 7.35 I 0.90 
I NM1407 I 5 1 NM08 I 8.03 I 7.90 I 0.90 
I NM1407 1 5 1 NM08 1 8.04 1 24.28 1 0.90 
1 NM1407 1 5 1 NM08 1 8.02 1 6.68 1 0.90 
I Ni'1l407 I 5 1 N~108 \ 8.01 I 2.42 I 0.98 
1 TR3601 1 5 I TR36 36.01 10.45 0.5 
1 TR3602 1 5 1 TR36 I 36.03 1 5.28 1 0.50 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI 10 1 AREA IFACTOR 1 
1 NO. 1 NO. 1 10 1 NUMBER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
1 TR3602 1 
1 TR3602 1 
1 TR3602 1 
1 TR3602 1 
1 TR4101A 1 
1 TR4101B 1 
1 TR4601 1 
1 TR4601 1 
1 TR1601 1 
1 TR1602 1 

TR1701 1 
TR1701A 1 

TR1701A 1 
TR1701B 1 
TR1701B 1 
TR 180 1 1 
TR 1801 1 
TR1801 1 
TR1801 1 
TR1901 1 

TR2004 1 
TR2004 1 
TR2005 1 
TR2005 1 
TR2006 1 
TR2201 I 
TR2201 1 
TR2202 1 
TR2202 1 
TR2601 1 
TR2602 1 
TR2901 1 
TR2901 1 
TR2901A 1 
TR2901A 1 
TR2901E 1 
TR2901E 1 
TR2901E 1 

TR2901E 1 
TR2901E 1 
TR2901F 1 
TR2901F 1 

5 1 TR36 
5 1 TR36 
5 1 TR36 
5 1 TR36 
5 I TR41 
5 1 TR46 
5 1 TR46 
5 1 TR46 
6 1 TR 16 
6 1 TR16 
6 1 TR17 
6 1 TR 17 
6 1 TR 17 
6 1 TR 17 
6 1 TR 17 
6 1 TR18 
6 1 TR18 
6 1 TR18 
6 1 TR18 
6 1 TR19 
6 1 TR20 
6 1 TR20 
6 I TR20 
6 1 TR20 
6 1 TR20 
6 1 TR21 
6 1 TR21 
6 I TR22 
6 I TR22 
6 1 TR26 
6 1 TR26 
6 1 TR29 
6 I TR29 
6 1 TR29 
6 1 TR28 
6 I TR28 
6 1 TR28 
6 I TR28 
6 1 TR28 
6 1 TR28 
6 1 TR28 
6 1 TR28 

I 36.04 1 1.20 I 0.50 1 
1 36.02 I 14.46 1 0.50 1 
1 36.05 I 1.42 1 0.50 1 
1 36.06 1 8.80 1 0.50 1 
1 41.01 I 4.41 I 0.50 1 
I 46.06 1 6. 1 7 1 O. 50 1 
I 46.04 1 7 . 71 1 0 • 50 1 

46.03 1 3.27 1 0.50 1 
16.03 1 5.01 1 0.35 I 
lh.Ol 28.47 1 0.35 1 
17.03 6.58 1 0.50 1 
17.01 7.11 1 0.50 1 
17.02 8.65 I 0.50 1 

17.05 6.15 1 0.50 1 

17.04 2.08 1 0.50 1 
18.01 5.95 1 0.50 1 

18.02 1.22 1 0.50 1 
18.03 7.52 1 0.50 1 
18.04 11.90 I 0.50 1 
19.01 7.71 I 0.50 1 

20.03 4.95 1 0.75 I 

20.04 1.88 1 0.75 1 

20.02 2.73 1 0.75 1 
20.01 3.30 1 0.75 1 
20.05 3.13 1 0.75 I 
21.02 15.60 1 0.60 I 
21.01 4.53 1 0.50 1 
22.02 9.17 1 0.50 1 
22.03 12.86 1 0.50 1 
26.01 8.11 1 0.50 1 
26.02 5.64 1 0.50 1 
29.04 9.51 1 0.50 1 
29.03 4.27 1 0.50 1 
29.05 8.37 1 0.50 1 
28.02 11.61 1 0.50 1 

28.01 3.33 1 0.50 1 
28.05 4.07 1 0.50 1 
28.03 2.31 1 0.50 1 

28.06 6.04 1 0.50 1 

28.04 1.57 I 0.50 I 
28.08 14.89 0.35 
28.07 8.03 1 0.50 1 



TABLE AI (CONTIO) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

=========I=====I=========I====~===I========I=======I 
I I I I I I 
I I MAJOR 10RA1NAGEIORA1NAGEIRUN-OFFI 

TRUNK ISHEETIWATERSHEDI 10 I AREA IFACTOR I 
NO. I NO. I ID I NUMBER I(ACRES) I "C" I 

=========1=====1=========1======== ========1=======1 
TR2901H I 6 TI{29 29.02 30.80 0.60 
TR2902 I 6 TR29 29.01 22.32 0.50 
TR3801 I 6 TR38 38.01 24.59 0.50 
TR4001 I 6 TR40 40.01 8.26 0.50 
NM2101 I 7 NM21 . 21.02 20.92 0.55 
NM2101 I 7 NM21 21 .01 63.54 0.70 
NM2102 I 7 NM21 21.03 21. 61 0.60 
N~'21 02 I 7 Ni>121 21.04 20.92 0.60 
NM2301A I 7 N~123 23.05 2.86 0.50 
NM2301A I 7 NM23 23.06 15.37 0.70 
NM2301A I 7 I NM23 23.04 27.21 0.50 
NM2301A I 7 I NM23 23.03 I 10.39 0.50 
NM2301A I 7 I NM23 23.02 I 23.31 0.50 
TI{ 1101 I 7 I TR11 11 .03 I 5.40 0.80 
TR 11 0 1 I 7 I TR 11 11 .04 I 6.94 0.80 
TRll0l I 7 I TR11 11 .02 I 5.11 0.80 
TR 11 01 I 7 I TR 11 11 .05 I 3.26 0.80 
TRll 01 I 7 I TRll 11. 01 I 5.00 0.80 
TR1201 I 7 I TR12 12.02 I 3.27 0.75 
TR1201 I 7 I TR12 12.05 I 6.69 0.75 
TR1201 I 7 I TR12 12.04 I 2.22 0.75 
TR1201 I 7 I TR12 12.07 I 4.21 0.50 
TR1201 I 7 I TR12 12.03 I 5.47 0.75 
TR1201 I 7 I TR12 12.08 I 23.88 0.50 
TR1201 I 7 I TR12 12.01 I 18.25 0.90 
TR1201 I 7 I TR12 12.06 I 7.46 0.75 
TR1301 I 7 I TR13 13.10 I 5.21 0.90 
TR1301 I 7 I TR13 13.09 I 4.66 0.90 
TR1301 I 7 I TR13 13.06 I 2.86 0.90 
TR1301 I 7 I TR13 13.07 I 2.19 0.90 
TR1301 I 7 I TR13 13.08 I 2.61 0.90 
TR1302 I 7 I TR13 13.05 I 3.07 0.55 
TR1302 I 7 I TR13 13.03 I 3.13 0.90 
TR1302 I 7 I TR13 13.01 I 5.80 0.90 
TR1302 I 7 I TR13 13.04 I 20.67 0.55 
TR1302 I 7 I TR13 13.02 I 11 .24 0.55 
TR1401 I 7 I TR14 14.05 I 2.39 0.55 
TR1401 I 7 I TR14 14.04 I 7.63 0.55 
TR1402 I 7 I TR14 14.03 I 2.96 0.55 
TR1402 I 7 I TR14 14.02 I 6.83 0.90 
TR2901A I 8 I TR28 28.10 I 20.55 0.50 
TR2901A I 8 I TR28 28.26 I 12.35 0.90 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTER! STI CS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI ID 1 AREA IFACTOR 1 
1 NO. 1 NO. 1 ID 1 NU~lBER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1======== =======1 
1 TR2901A 1 H 1 TR28 1 28.13 1 7.77 0.80 1 
1 TR2901A 8 1 TR28 1 28.25 1 12.55 0.75 1 
1 TR2901A 8 1 TR28 1 28.18 1 4.40 0.80 1 
1 TR2901A 8 1 TR28 1 28.27 1 4.19 0.80 1 
1 TR2901B 8 1 TR28 1 28.28 1 5.18 0.90 1 
1 TR2901B 8 1 TR28 1 28.11 1 3.93 0.50 1 
1 TR2901B 8 1 TR28 1 28.12 1 7.71 0.54 1 
1 TR2901C 8 1 TR28 1 28.15 2.33 0.50 1 
1 TR2901C 8 1 TR28 1 28.16 4.33 0.50 1 
1 TR2901C 8 1 TR28 1 .28.17 3.22 0.90 1 
1 TR2901C 8 1 TR28 1 28.14 4.38 0.40 1 
1 TR2901D 8 1 TR28 1 28.23 1.19 0.50 1 

TR2901D 8 1 TR28 1 28.20 2.82 0.60 1 
TR2901D 8 1 TR23 1 28.22 2.39 0.50 1 
TR2901D 8 1 TR28 1 28.24 1.19 0.50 1 
TR2901D 8 1 TR28 1 28.21 3.99 0.50 1 
TR3301A 8 1 TR30 1 30.09 5.98 0.90 1 
TR3301A 8 I TR30 1 30.07 5.72 0.80 1 
TR3301A 1 8 I TR31 1 31.03 11.05 0.50 1 
TR3301A 1 8 1 TR30 I 30.0B 14.12 0.55 1 
TR3301A I 8 I TR30 1 30.03 26.27 0.70 I 
TR3301A 1 8 I TR30 I 30.04 18.67 0.75 1 
TR3301A 1 8 I TR30 30.02 10.76 0.90 1 
TR3301A 1 8 1 TR31 31.02 81.85 0.50 1 
TR3301A 8 1 TR30 30.06 37.12 0.50 1 

1 TR3301A 8 TR31 31.01 11.50 0.50 1 
1 TR3302 8 TR33 33.01 5.01 0.75 1 
1 TR3303 8 TR35 35.01 8.40 0.40 1 
1 TR3303 8·· TR35 35.03 7.46 0.50 1 
1 TR3304A 8 TR34 34.02 21.29 0.50 1 
1 TR3304A 8 TR34 34.03 19.36 0.55 1 
1 TR3304A 8 TR34 34.01 9.57 0.50 1 
1 TR3304B 8 TR35 35.07 5.32 0.40 1 
1 TR3304B 8 TR35 35.04 15.23 0.50 1 
1 TR3304B 8 TR35 35.05 2.42 0.75 1 
1 TR3304C 8 TR35 35.02 11.93 0.75 1 
1 NM0603 9 TR47 47.01 7.49 0.50 1 
1 NM0603 9 TR47 47.02 3.60 0.50 1 
1 NM4401 9 NM44 35.10 3.93 0.50 1 
1 NM501 9 NM05 5.02 16.28 0.50 I 
1 Nt~601 9 N~105 5.01 14.29 0.50 
1 NM602 9 NM05 5.03 4.04 0.50 1 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTER I STICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 / / / / 
/ / / MAJOR /DRAINAGE/DRAINAGE/RUN-OFF/ 
/ TRUNK /SHEET/WATERSHED/ 10 / A~EA /FACTOR I 
/ NO. / NO. / 10 / NUMBER / (ACRES) / "C" / 
/========= =====/===~=====/========/========/=======/ 
/ TR4301 9 I TR43 / / 61.87 / 0.50 / 
/ TR4401 9/ TR44 / 44.04 / 3.73/ 0.50 / 
/ TR4401 9 / TR44 / 44.02 / 14.46 / 0.50 / 
/ TR4401 9 / TR44 / 44.03 / 1.34 / 0.50 / 
/ TR4402 9 / TR44 / 44.01 / 27.44 / 0.50 / 
/ TR4501 9 / TR45 / 45.02 / 8.89 / 0.50 / 
/ CC1305 10 / CC13 I 13.17 / 12.97 / 0.70 / 
/ CC1305 10 / CC13 / 13.18 / 18.84 / 0.70 / 
/ CC1306 10 / CC13 / 13.19 / 4.45 / 0.70 I 
I CC1306 10 / CC13 / 13.20 I 8.71 I 0.70 / 
/ CC1306 10 / CC13 / 13.21 / 8.93 I 0.70 / 
/ CC1307 10 / CC13 / 13.22 / 60.28 / 0.70 I 
/ CC1308 10 / CC13 / 13.23 / 60.60 / 0.70 / 
/ CC1310 10 I CC13 / 13.25 / 17.08 / 0.70 1 
/ CC1310 10 / CC13 / 13.13 / 12.64 / 0.70 I 
/ CC1311 10 / CC13 / 13.24 / 148.31 / 0.35 / 
/ CC1312 10 / eC13 / 13.15 I 16.68 / 0.70 I 
/ CC1313 10 / CC13 / 13.16 / 32.76 / 0.50 / 
/ CC1314 10 / CC13 / 13.29 / 24.13 / 0.50 / 
/ CC1314 10 / CC13 / 13.28 / 6.60 / 0.70 / 
I CC1315 10 / CC13 / 13.27 / 29.66 / 0.70 / 
/ CC1316 10 / CC13 / 13.14 / 29.35 / 0.70 / 
/ CC1317 10 / CC13 / 13.26 / 8.52 / 0.70 / 
/ CC1318 10 / CC13 / 13.09 / 5.44 / 0.75 / 
/ CC1319 10 / CC13 I 13.08 / 7.05 / 0.75 / 
/ NM3302 10 / N~133 / 33.22 / 29.89 I 0.70 / 
/ NM3303 10 / NM33 / 33.23 / 24.90 / 0.70 / 
/ NM3304 10 / N~133 / 33.25 I 3.12 / 0.70 / 
/ NM3304 10 /NM33 / 33.24 / 7.46 / 0.70 / 
/ NM3305 10 / Ni'133 / 33.19 I 9.55 / 0.70 / 
I NM3305 10 / NM33 / 33.09 I 10.25 / 0.70 I 
I N~13305 10 I NM33 I 33.18 I 15.87 I 0.70 / 
I NM3305 10 I NM33 I 33.20 / 7.05 / 0.70 I 
/ NM3305 10 I NM33 I 33.08 I 6.28 I 0.70 I 
I NM3306 10 I NM33 / 33.17 I 19.98 I 0.70 I 
J NM3306 10 I N:-I33 I 33.10 / 6.61 I 0.70 / 
/ NM3307 10 / NM33 / 33.14 / 5.88 I 0.70 / 
I N~13307 10 / N~133 / 33.16 I 25.16 / 0.70 / 
/ N:13307 10 / NM33 I 33.15 J 10.47 / 0.70 / 
/ NH3308 10 I NM33 / 33.13 I 48.45 I 0.70 I 
I NM3308 10 I NM33 I 33.12 30.45 0.70 
/ N~13309 10 I N,\l33 / 33.06 / 16.57 / 0.70 / 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

I==~======I=====I=========I========I========I=======I 
1 1 1 , 1 1 1 
1 1 1 MAJOR 1 ORAl NAGE 1 ORAl NAGE 1 RUN-OFF 1 
, TRUNK ,SHEETIWATERSHEDI 10 1 AREA IFACTOR 1 
, NO. 1 NO. 1 ro 1 NUMBER, (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
1 NM3309 1 10 1 NM33 1 33.02 1 22.99 1 0.70 1 
1 NM3309 1 10 1 N,\133 1 33.07 1 46.76 1 0.70 1 
1 NM3309 1 10 I NM33 1 33.01 1 12.64 1 0.70 1 
1 NN3310 1 10 1 N,'133 1 33.05 1 13.15 1 0.70 1 
1 NM3311 1 10 1 NM33 1 33.11 1 12.12 1 0.70 1 
1 NM3311 1 10 1 NM33 1 33.03 1 11.97 1 0.70 1 
,NM3311 1 10 1 NM33 1 33.04 1 14.33 1 0.70 1 
1 NM3313 1 10 1 NI"!33 1 33.26 1 133.41 , 0.70 1 
1 NM1301A' 11 1 NI~13 1 13.02 1 4.88 1 0.90 1 
I NM1301A 1 11 I NM13 1 13.03 1 18.88 1 0.90 1 
1 NM1301B 1 11, NN13 1 13.01 1 17.67 I 0.90 I 
I NM1304A I 11 1 NM13 1 13.04 1 43.S2 1 0.90 1 
1 NM1402 1 11 1 NM14 1 14.01 31.25 1 0.90 1 
1 RG3101 1 11 1 RG31 1 31.02 2.91 1 0.50 1 
1 RG3102 I 11 1 RG31 1 31.03 25.19 1 0.50 1 
1 RG3103 1 11 1 RG31 1 31.05 7.71 1 0.90 1 
,CC0701 1 12 1 CC07 1 7.06 6.78 1 0.50 1 
1 CC0702 1 12 I CC07 1 7.07 3.47 1 0.50 1 
1 CC0703 , 12 1 CC07 1 7.05 2.65 I 0.50 1 
1 CC0703 I 12 1 CC07 I 7.04 9.96 1 0.50 1 
I CC0703 1 12 1 CC07 I 7.03 20.38 1 0.50 1 
I NM1601 I 12 1 NM16 I 16.01 14.29 1 0.50 1 
1 NM 1801 A I 12 I NM 19 1 19. 11 6.78 I 0.50 I 
I NM1S01A I 12 I NM19 1 19.15 3.32 I 0.50 I 
I Nl~ 180 1 A I 12 I Nl119 I 19. 13 4 • 38 I 0 • 50 I 
I NM1S01A 1 12 1 NM19 I 19.12 5.40 I 0.50 I 
I Nl11801A 1 12 I Nl~18 1 lS.01 4.96 I 0.50 1 
, NM1S01B I 12 I NM19 I 19.20 2.97 I 0.50 
I NM1S01a 1 12 1 . NM19 I 19.16 3.21 I 0.50 
I NM ISO 16 I 12 I NN 19 I 19. 19 3.42 I O. 50 
1 NM1S016 I 12 1 NM17 I 17.01 9.34 I 0.50 
I NM1S01B 1 12 I NM19 1 19.16 7.90 I 0.50 
I N,"!lS01B 1 12 I NM19 I 19.14 2.35 I 0.50 
1 NM1801B 1 12 I NM17 I 17.02 17.43 1 0.50 
I NM1S02 I 12 I NM1S ,lS.04 3.14 I 0.50 
I NN1802 I 12' NM19 I 19.1S 3.59 I 0.50 
I NI~1802 1 12 I Nl118 1 18.05 5.31 1 0.50 
1 NM1901A 1 12 1 NM19 1 19.03 5.97 1 0.50 
1 NM1901A 1 12 I NM19 1 19.01 4.87 1 0.50 
I NN1901A I 12 I NM19 I 19.06 7.27 \ 0.50 
I NM1901A I 12 1 NM19 19.05 1.19 0.50 
1 NM1901A 1 12 1 NM19 1 19.02 2.81 I 0.50 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI IO 1 AREA IFACTOR 1 
1 NO. 1 NO. 1 10 1 NUMBER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
1 Nr~1901B 1 12 1 Nf119 1 19.07 1 3.88 1 0.50 1 
1 NM1902 1 12 1 NM19 1 19.08 1 3.36 1 0.50 1 
1 RG2106 1 12 1 RG21 1 21.01 1 4.86 1 0.50 1 
1 RG2601 1 12 1 RG26 1 26.03 1 5.32 1 0.50 1 
1 RG2601 1 12 1 RG26 1 26.01 1 14.58 1 0.50 1 
1 RG2601 1 12 1 RG26 1 26.02 1 9.54 1 0.50 1 
1 RG2602 1 12 1 RG26 1 26.05 1 6.06 1 0.50 1 
1 RG2602 1 12 1 RG26 1 26.04 1 14.72 1 0.50 1 
1 RG2603 1 12 1 RG26 1 26.08 1 7.27 1 0.50 1 
1 RG2604 1 12 1 RG26 1 26.06 1 21.34 1 0.50 1 
1 RG2605 1 12 1 RG26 1 26.07 1 20.41 1 0.50 1 
1 RG2901 1 12 1 RG29 I 29.01 I 86.91 I 0.50 I 
1 RG2902 I 12 I RG29 29.02 I 3.93 I 0.50 I 
I RG2903 I 12 I RG29 29.03 I 5.80 I 0.50 I 
I RG3001 I 12 I RG30 30.01 I 33.59 1 0.50 I 
I N~12401 I 13 I N,\124 24.14 I 11.79 I 0.50 I 
I NM2402 I 13 I NM24 24.17 I 24.21 I 0.50 I 
I NM2403 I 13 I N~124 24.18 1 25.49 I 0.50 
I NM2404 I 13 I NM24 24.60 I 21.19 0.50 
I NM2404 I 13 I NM24 24.50 I 8.67 0.50 
I NM2404 I 13 I NM24 24.30 I 5.62 0.50 
I NM2404 I 13 I NM24 24.40 I 3.86 0.50 
I NM2404 I 13 I NM24 24.20 I 9.95 0.50 
I NM2405 I 13 I NM24 24.21 I 5.07 0.50 
I NM2405 I 13 I NM24 24.19 I 5.51 0.50 
1 NM2405 I 13 I NM24 24.10 I 12.42 0.50 
I NM2406 I 13 I NM24 24.12 I 5.14 0.90 
I NM2406 I 13 I NM24 24.90 I 9.55 0.90 
I NM2406 I 13 I 'NM24 24.10 I 9.21 0.90 
I NM2406 I 13 I NM24 24.11 I 3.56 0.90 
I NM2406 I 13 I NM24 24.23 I 8.83 0.90 
I NM2406 I 13 I NM24 24.13 I 1.76 0.90 
I NM2407 I 13 I NM24 24.22 I 7.52 0.90 
I NI>12409 I 13 I NM24 24.70 I 11.68 0.50 
I NM2409 I 13 I NM24 24.80 I 34.09 0.50 
I NM2410 I 13 I N~124 24.16 I 13.99 0.50 
I NM2411 I 13 I NM24 24.15 I 14.10 0.50 
I Nr12501 I 13 I NM24 24.20 I 4.78 0.50 
I NM2501 I 13 I NM25 25.50 I 24.76 0.50 
I NM2501 I 13 I NM25 25.60 I 33.61 0.50 
I NM2502 I 13 I NM25 25.40 I 5.25 0.50 
I NM2601 I 13 I NM26 26.70 I 10.14 0.50 



TABLE Al (CONT' 0) 
SUB-AREA HYOROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

/=========/=====/=========/========/========1=======/ 
/ / / / / / / 
/ / / MAJOR / ORAl NAGE / ORAl NAGE / RUN-OFF I 
/ TRUNK /SHEET/WATERSHEDI 10 / AREA IFACTOR 1 
1 NO. / NO. / ID I NUMBER 1 (ACRES) 1 "C" 1 
1=========/=====/=========/========1========1=======1 
1 Ni>12601 1 13 1 NM26 I 26.40 1 7.75 1 0.50 1 
I N~12601 I 13 1 NM26 I 26.60 1 7.90 I 0.50 I 
/ NM2601 / 13 / NM26 I 26.50 I 17.81 I 0.50 1 
I NM2601 I 13 1 NN26 1 26.80 I 5.87 I 0.50 1 
/ NM2601 I 13 I NM26 I 26.90 I 13.66 I 0.50 I 
/ N~12601 I 13 I N:~26 I 26.10 I 8.98 I 0.50 / 
I TR0101 / 13 / TROI 1.60 I 9.44 I 0.50 I 
/ TR010l / 13 / TROI 1.80 I 6.50 I 0.50 / 
/ TR010l I 13 / TROI 1.50 / 18.40 I 0.50 I 
I TR010l I 13 I TROI 1.90 / 2.17 I 0.50 I 
/ TR010l I 13 / TROI 1.70 / 6.32 I 0.50 1 

/ TR0102 / 13 I TROI 1.30 I 14.29 I 0.75 I 
/ TR0103 I 13 / TKOI 1.20 / 4.85 I 0.75 / 
/ TR0104 / 13 / TROI 1.10 / 6.35 / 0.75 / 
/ TR0105 / 13 / TKOI 1.11 / 1.98 I 0.50 / 
/ TR0107 / 13 / TROI 1.12 / 26.59 I 0.50 / 
I TR0201 / 13 I TR02 2.40 / 10.57 / 0.50 / 
/ TR020 1 / 13 / TR02 2. 10 / 18.28 / 0.50 / 
/ TR0201 I 13 / TR02 2.30 I 14.62 I 0.75 / 
I TR0201 1 13 I TR02 2.10 I 8.82 I 0.55 / 
I TR0201 / 13 / TR02 2.60 I 14.18 I 0.50 / 
/ TR0201 / 13 / TR02 2.20 I 6.60 I 0.75 I 
I TR0201 / 13 I TR02 2.50 I 18.79 / 0.50 I 
I TR0201 / 13 / TR02 2.70 I 11.75 / 0.50 I 
I TR0202 / 13 / TR02 2.80 / 8.37 I 0.50 / 
I TR0203 / 13 I TR02 2.90 / 4.26 / 0.50 I 
/ TR1001 / 13 I TRIO 10.40 I 1.95 I 0.90 I 
I TR1002 I 13 I TRIO 10.30 / 2.98 I 0.90 I 
I TRlO03 / 13 I TRIO 10.20 I 6.02 I 0.90 I 
/ TRlO04 I 13 / TRlO 10.10 I 19.14 I 0.90 / 
I TR4801 I 13 I TR48 48.11 I 6.13 I 0.50 I 
/ TR4801 I 13 / TR48 48.10 1 8.37 I 0.50 1 
I TR4802 / 13 / TR48 48.15 I 7.64 I 0.50 I 
/ TR4802 1 13 I TR48 48. 14 / 13.44 I 0.50 I 
I TR4802 / 13 / TR48 48.13 / 13.44 I 0.50 I 
I TR4803 / 13 / TR48 48.12 / 6.65 / 0.50 I 
/ TR4804 I 13 / TR48 48.16 / 18.51 / 0.50 / 
/ TR4804 / 13 / TR48 48.21 I 10.06 I 0.50 / 
I TR4805 / 13 / TR48 48.20 / 16.53 / 0.50 I 
/ TR4805 / 13 / TR48 48.19 I 11.06 I 0.50 I 
/ TR4806 / 13 / TR48 48.22 18.44 0.50 
/ N~12501 / 14 I NM25 25.10 I 4.39 / 0.50 I 



TABLE 12 

TABLE Al (CONT I D) 
SUB-AREA HYDROLOGIC 

CHARACTERISTICS 
FOR SUB-AREA DRAINAGE 

/=========/=====/=========/========/========/=======/ 
/ / / / / / / 
/ / / MAJOR / DRAI NAGE ORAl NAGE / RUN-OFF / 
/ TRUNK /SHEET/WATERSHED/ 10 AREA /FACTOR / 
/ NO. / NO. / 10 / NUMBER (ACRES) / "C" / 
/=========/=====/=========/======== ========/=======/ 
/ NrJ2502 / 14 / NM25 / 25.20 4.50 / 0.50 / 
/ NM32AOI / 14 / NM328 / 32B.l 22.20 / 0.50 / 
/ NM32A02 / 14 / NM32A / 32A.2 3.42 / 0.50 / 
/ NM32A03 / 14 / NM32A / 32A.l 5.18 / 0.50 / 
/ NM32BOI / 14 / NM32B / 32B.2 9.77 / 0.50 / 
/ NM32B02 / 14 / N~132B / 32B.3 3.27 / 0.50 / 
/ CC0704A / 15 / CC07 / 7.10 17.45 / 0.50 / 
/ CC0704B / 15 / CC07 / 7.20 22.90 / 0.50 / 
/ Nr~2002A / 15 / NM20 / 20.40 6.86 / 0.50 / 
/ NM2003 / 15 / NM20 / 20.30 7.16 / 0.50 / 
/ NM2004 / 15 / NM20 / 20.20 16.08 / 0.50 / 
/ NN2005 / 15 / N~120 / 20.50 13.44 / 0.50 / 
/ NM2005 / 15 / NM20 / 20.80 40.54 / 0.50 
/ NM2005 / 15 / NM20 / 20.60 7.97 / 0.50 
/ NM2005 / 15 / NM20 / 20.10 5.40 / 0.50 
/ NM2006 / 15 / NM20 / 20.00 89.99 / 0.50 
/ NM2007 / 15 / NM20 / 20.70 20.93 / 0.50 
/ RG2101 / 15 / RG21 / 21.10 14.23 / 0.50 
/ RG2102 / 15 / RG23 / 23.10 12.21 / 0.50 
/ RG2102 / 15 / RG21 / 21 .20 18.05 / 0.50 
/ RG2104 / 15 / RG21 / 21. 40 5.51 / 0.50 
/ RG2105A / 15 / RG21 / 21.30 12.20 / 0.50 
/ RG2105B / 15 / RG21 / 21.80 6.10 / 0.50 
/ RG2201 / 15 / RG22 / 22.10 37.06 / 0.50 
/ RG2401 / 15 / RG24 / 24.10 198.38 / 0.50 
/ CC0403 / 17 / CC04 / 4.33 3.86 / 0.50 
/ CC0404 / 17 / CC04 / 4.34 4.78 / 0.50 

CC0405 / 17 / CC04 / 4.35 3.16 / 0.50 
CC0406 / 17 / CC04 / 4.36 2.83 / 0.50 
CC0407 / 17 / CC04 / 4.37 2.02 / 0.50 
CC0408 / 17 / CC04 / 4.38 13.83 / 0.50 
CC0409 / 17 / CC04 / 4.39 21.05 / 0.50 
CC0410 / 17 / CC04 / 4.41 19.50 / 0.50 
CC0411 / 17 / CC04 / 4.42 13.21 / 0.50 
CC0412 / 17 / CC04 / 4.43 5.98 / 0.50 
CC0413 / 17 / CC04 / 4.14 14.69 / 0.50 
.CC0414 / 17 / CC04 / 4.13 5.41 / 0.50 
CC0415 / 17 / CC04 / 4.12 6.43 / 0.50 
CC0416 / 17 / CC04 / 4. 11 4.08 / 0.50 
CC0417 / 17 / CC04 I 4.10 19.68 I 0.50 
CC0418 / 17 / CC04 4.90 4.26 0.50 
CC0419 / 17 / CC04 / 4.70 4.66 / 0.50 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTER! STI CS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 1 1 1 1 1 1 
1 1 1 MAJOR IDRAINAGEIDRAINAGEIRUN-OFFI 
1 TRUNK ISHEETIWATERSHEDI ID 1 AREA IFACTOR 1 
1 NO. 1 NO. 1 ID 1 NUMBER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
1 CC0420 1 17 1 CC04 I 4.40 1 15.53 1 0.50 I 
I CC0421 1 17 1 CC04 1 4.30 1 4.70 1 0.50 1 
1 CC0422 1 17 1 CC04 1 4.50 23.91 1 0.50 1 
1 CC0423 1 17 I CC04 I 4.60 3.78 1 0.50 1 
I CC0424 I 17 1 CC04 1 4.17 25.42 I 0.50 1 
I CC0425 I 17 I CC04 I 4.18 3.74 I 0.50 1 
I CC0426 1 17 I CC04 I 4.19 19.17 1 0.50 1 
1 CC0427 I 17 I CC04 I 4.21 5.95 I 0.50 I 
I CC0428 I 17 1 CC04 1 4.20 7.05 I 0.50 1 

CC0429 I 17 I CC04 I 4.45 1 .20 I 0.50 I 
CC0430 1 17 I CC04 I 4.23 23.32 1 0.50 I 
CC0431 I 17 I CC04 I 4.22 16.08 I 0.50 I 
CC0432 I 17 1 CC04 I 4.24 69.60 I 0.50 I 
CC0433 I 17 I CC04 I 4.26 17.70 I 0.50 I 
CC0434 1 17 I CC04 I 4.27 I 29.75 1 0.50 1 
CC0435 1 17 I CC04 I 4.25 I 50.61 I 0.50 I 
CC0436 I 171 CC04 I 4.301 5.331 0.50 I 
CC0437 I 17 1 CC04 I 4.31 I 5.40 1 0.50 I 
CC0438 I 17 1 CC04 I 4.32 I 1.69 I 0.50 1 
CC0439 I 17 I CC04 I 4.10 I 18.95 I 0.50 I 
CC0440 I 17 1 CC04 I 4.20 I 18.21 1 0.50 I 
RR0201 I 18 1 RR02 1 2.09 I 18.22 I 0.90 I 
RR0201 I 18 I RR02 I 2.08 I 14.40 I 0.90 I 
RR0202 I 18 I RR02 I 2.06 I 18.99 I 0.90 1 
RR0202 I 18 I RR02 I 2.05 1 9.29 I 0.90 I 
RR0203 I 18 I RR02 I 2.10 1 2.49 1 0.90 
RR0203 I 18 I RR02 I 2.04 1 5.33 I 0.90 
RR0204 I 18 I RR02 I 2.01 I 9. 14 I 0.90 
RR0204 I 18 I RR02 I 2.03 I 6.54 I 0.90 
RR0204 I 18 I RR02 I 2.02 I 5.18 I 0.90 
CC1301 I 20 I CC13 I 13.60 I 7.53 1 0.50 

I CC1301 I 20 1 CC13 I 13.50 I 12.52 1 0.50 
I CC1302 I 20 I CC13 I 13.40 I 6.14 I 0.50 
I CC1302 I 20 I CC13 I 13.30 I 7.16 I 0.50 
I CC1303 I 20 I CC13 I 13.20 I 4.66 I 0.50 
I CC1304 1 20 I CC13 I 13.10 I 4.29 I 0.50 
I RG1501 I 20 I RG15 I 15.30 I 12.67 I 0.50 
I RG1502 I 20 I RG15 I 15.20 I 16.82 I 0.50 
I RG1901 I 20 I RG15 I 15.10 1 3.64 I 0.50 
I RG1902 I 20 I RG19 I 19.40 I 8.52 I 0.50 
I RG1903 I 20 I RG19 I 19.60 I 7.19 I 0.50 
I RG1904 I 20 I RG19 I 19.20 1 24.31 I 0.50 



TABLE Al (CONT'D) 
SUB-AREA HYDROLOGIC 

CHARACTER I STI CS 
FOR SUB-AREA DRAINAGE 

1=========1=====1=========1========1========1=======1 
1 I I I 1 1 1 
1 I I MAJOR 'ORAl NAGE, ORAl NAGE' RUN-OFF' 
1 TRUNK ISHEETIWATERSHED' 10 , AREA 1 FACTOR , 
1 NO. 1 NO. 1 10 1 NUNBER 1 (ACRES) 1 "C" 1 
1=========1=====1=========1========1========1=======1 
'RG1905 1 20 1 RG19 1 19.90 1 9.14 I 0.50 1 
1 RG1906 I 20 1 RG19 1 19.30 1 10.06 I 0.50 I 
1 RG1907 , 20 1 RG19 1 19.80 1 17.70 I 0.50 I 
1 CC0401A' 21 1 CC04 1 4.45 I 23.97 I 0.75 I 
I CC0401B I 21 1 CC04 I 4.44 1 36.73 I 0.75 1 
1 NM2602 I 22 I NM26 1 26.10 I 4.29 1 0.50 1 
I NM2605 I 22 1 NI126 I 26.20 1 6.65 1 0.50' 
I NN2606 , 22' NM26 I 26.30 I 10.57, 0.50 1 
I NM2701 I 22 I NM27 I 27.20 I 2.31 I 0.50' 
1 NM2702 , 22 I NM27 I 27.10' 21.34, 0.50 I 
I NM2703 I 22 I NM27 I 27.30' 4.11 1 0.50 I 
'NN2705 1 22 1 NM27 I 27.50, 6.02' 0.50 I 
, NM28A01 I 22 1 Nt~28A , 28A.1 I 7.82 1 0.50 I 
, NM28A02 I 22' TR48 I 48.23 I 8.70' 0.50 1 

, Nt128B01 I 22' NM288 I 28B.7, 7.26' 0.50' 
I NN28BOl 1 22, N~1288 I 28B.8' 10.99' 0.50' 
I NM28B02' 22 I NM28B I 28B.5 1 5.92 1 0.50 1 
1 NM28B02 1 22 1 NN288 I 28B.6 1 4.09 1 0.50 1 
1 NM28B02 1 22 1 NM28B 1 28B.4 1 5.41 1 0.50 1 
1 N~128B02 1 22 1 NM28B , 28B.3 I 5.81 1 0.50 1 
1 NM28B03 1 22 1 NM28B 1 28B. 14 1 17.55, 0.50 1 
1 NM2901 , 22 1 NM29 1 29.20' 9.56 1 0.50 1 

NM2901 I 22 1 NM29 1 29.10' 4.92 1 0.50 1 
NM2901 1 22 1 NM29 1 29.30 1 11.44 1 0.50, 
TR4807 1 22 1 TR48 1 48.80' 11.44 1 0.50' 
TR4807 1 22' TR48 1 48.50 1 6.72 1 0.50 1 
TR4807 I 22 1 TR48 , 48.90 I 5.27 1 0.50 1 
TR4807 1 22' TR48 , 48.70 1 14.69 1 0.50 1 
TR4808 1 22 1 TR48 I 48.20 1 18.96' 0.50' 
TR4808 , 22 1 TR48 1 48.60 1 8.71 1 0.50 1 
TR4808 1 22 1 TR48 1 48.10 I 20.67 I 0.50 1 
TR4809 1 22 1 TR48 1 48.40 1 3.41 1 0.50 1 
RV2301 1 27 1 RV23 I 23.02 1 5.29 1 0.50 1 
RV2302 1 27 1 RV23 1 23.03 I 4.70 1 0.50 1 
RV2303 1 27 1 RV23 1 23.04 1 2.35 1 0.50' 
RV2304 1 27 I RV23 1 23.05 1 2.37 1 0.50 1 
RV2305 1 27 I RV23 1 23.01 1 5.40 1 0.50 1 
N~132A04' 31 1 N~133 1 32A.5, 14.18 1 0.50 1 
NM32A05 I 31 1 Nt133 1 32A.6 I 8.54 1 0.50 1 


