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Raymondville Drain 
Design Task Protocol – 1 

Hydrology 
 

     The Raymondville Drain is located in the Rio Grande Valley of South Texas including 
four towns; Raymondville, San Perlita, La Sara, and Hargill.  The watershed flows in a 
west to east direction and the total area is approximately 355 square miles.  The model 
performed by RRP began just downstream of the town of Raymondville and proceeded 
upstream through Willacy and Hidalgo Counties.  In response to RRP’s submittal on 
January 2005, the USACE wrote a draft white paper titled “Raymondville Drain Pre-
Project Conditions Report,” April 2006. (USACE RDPR)  RRP’s model is referred to as 
the ‘Upstream HMS Model’ since USACE developed the Downstream HMS Model.  
Outlet 35 is the HMS junction point between the RRP upstream and USACE downstream 
model.  “Preliminary model tests indicated that the models provided by RRP for the 
upstream portion of the basin under estimate flood frequency at Raymondville” (USACE, 
April 2006, p. 8). 

 
Required Changes to Upstream HMS Model 
 
     RRP performed the hydrologic model in HEC-HMS Version 3.1.  The following revisions are 
needed to correct the model. 

1. The original model used a 24-hr Storm Duration; however, the time of concentration for 
the basin is around 5 days.  To be in accordance with the HEC-HMS Technical Reference 
Manual, “The selected storm must be sufficiently long so that the entire watershed is 
contributing to runoff at the [basin outlet] concentration point.  Thus, the duration must 
exceed the [travel] time … of the watershed” (Feldman, 2000, p. 35).  The adjusted data 
will be based on a 10-day Storm Duration, as recommended by the USACE.   

2. The Control Specification in the RRP HMS model was 24 hours.  This time frame is not 
long enough to describe the entire storm due to the subarea Tcs exceeding 10 hours.  The 
short control time resulted in the subarea hydrograph being truncated or open ended when 
viewed in the results.  In other words, the HMS control and storm duration were not long 
enough with respect to the time of concentration of the individual subareas to allow total 
runoff to complete or zero out.  The HMS Control will be revised to 30-days. 

3. The TR55 program SCS curve number method will only accept a maximum time of 
concentration of 10 hours and many subareas yield Tcs in excess of this limitation.  The 
program generally defaults to a 10-hour time of concentration when this value is 
exceeded and yields false results.  Since the method is only applicable to a 24-hour storm 
duration and Tcs less than 10 hours, the Time of Concentration will be calculated 
manually using Sheet Flow, Shallow Concentrated Flow, and Channel Flow assuming 
bank full conditions. 

4. The SCS Curve Number method assumes Ia = 0.2S.  The basic fault with the SCS Curve 
Number Method is that it assumes initial infiltration, losses go to zero.  For a 10 day 
duration, this is not appropriate.  It was also noted that the values found in the RRP 
model could not be equated to this condition and it is unknown how they were derived.  
The revised method for accounting for infiltration losses will be the Initial / Constant 
Loss as recommended by the USACE.  Since a constant loss is applied to the 10 day 
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duration, this will duplicate calculating an adjusted Curve Number for a 10-day storm 
duration, as tabulated in SCS Technical Report 60. 

 
It was found that the SWG draft report recommended this method; however, we found 
that the Ia values (initial loss) were not calculated with a standard SCS AMC II (average 
antecedent moisture condition) or Ia = 0.2S.  This may be an error in the SWG February 
2005 model. 

5. The point rainfall in the original model was based on the USGS report 98-4044.  The data 
does not provide depth-area adjustments for the various storm durations.  The National 
Weather Bureau Technical Paper No. 40 (TP-40) and Technical Paper No. 49 (TP-49) 
rainfall has area adjustment factors up to a 10 day storm event and is consistent for the 
revised model. NOAA Technical Memorandum National Weather Service HYDRO-35 is 
used for 5-minute and 15-minute rainfall depths; and TP-40 and TP-49 is used for 30-
minute to 10-day duration.  The point rainfalls for the 2, 5, and 10 year were adjusted, 
respectively, by 0.88, 0.95, and 0.99.  This adjustment is because TP 40 and TP 49 
rainfall depths are partial duration data series which also accounts for the second highest 
value exceeding the highest value of another year.  The annual data series accounts for 
only the highest value.  For lower storm frequencies, i.e., 25, 50, 100, 250, and 500, the 
partial duration and annual series converge.  Adjusting the 2, 5, and 10 year values to 
annual data series allows the HMS frequency storm meteorological models to all be run 
as annual series rainfall series. Since the HEC HMS program requires input data as 
partial duration series which is representative of the TP 40 and TP 49 point rainfall 
depths the annual switch should be used and the HMS program will automatically adjust, 
internally the partial duration series data to annual.  

 
The storm area was also changed to 355 square miles for the Raymondville Drain.  The 
depth-area relationship “reduces the point values of precipitation shown on the [TP 49] 
maps to areal values” (Miller, p. 4).  The peak rainfall hyetograph was left at the default 
storm center of 50%.  The other options such as 25% would offset the peak rainfall in the 
hyetograph, however, trial computations revealed that flow changes were relatively 
insignificant.  The original model used an SCS unit hydrograph with a peaking factor of 
484 which is not applicable for flat terrain areas.  A more logical peaking factor for the 
Raymondville Drain, as recommended by USACE, is 150.  This peak factor yields results 
that approximate those documented during Hurricane Beulah. 

6. Routing in HEC-HMS used a Muskingum-Cunge 8-point method.  The original model 
used a Manning’s Roughness coefficient of 0.06.  The adjusted model will use a 
Manning’s n of 0.1 as recommended by USACE “to account for the relatively flat terrain, 
as well as the numerous roads and elevated irrigation ditches that criss cross the 
watershed” (USACE, 2006, p. 11).   

 
Procedure 
 

I. Drainage Areas 
a. The watersheds were previously delineated based on surface topography using 

HEC-GeoHMS Version 1.1.  GeoHMS enabled the user to delineate a watershed 
using digital terrain.  Lidar survey data was used in combination with Digital 
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Elevation Models (DEMs) representing USGS quad maps to develop a 60 ft by 60 
ft grid.  The subareas are summarized in file RVD_TOCnew.xls. 

b. The relatively flat topography required the watershed to be reconditioned which 
ensures that HEC-GeoHMS identifies the main drain.  A line file was created of 
the drain.  This file was burned into the grid to create a more deeply incised 
feature along the main drain alignment.  The longest travel path was determined 
from this model using GeoHMS, Version 1.1Beta.   

II. Time of Concentration (Tc) – USACE provided the following recommendation in the 
USACE RDPR. 

 
New … [subarea time of concentrations] were computed using a method 
for estimating time of concentration.  Travel time along the longest flow 
path in each subbasin is computed based on flow velocity.  The method 
assumes the first 500-ft length is sheet flow, the next length is represented 
as shallow concentrated flow and is equal to 15% of the total length, and 
the remaining length is assumed to be channel flow (USACE, p. 10). 

 
USACE assumed velocities in their downstream models as 0.05 fps for sheet flow, 
0.1 fps for shallow concentrated flow, and 0.6 fps for open channel flow.  The 
velocity assumptions were decided to be too broad based assumption for all 
subbasins.  In lieu of the assumed velocities, this design task protocol will calculate 
average velocity as follows:    
a. Calculate Tc by adding sheet flow, shallow concentrated flow, and channel flow.  

Document Time of Concentration calculations in the excel spreadsheet named 
RVD_TOCnew.xls.  The travel path through each subarea was created in 
GeoHMS and exported as a line file to a Microstation file and will be utilized for 
total travel distance through each subarea of the watershed. 

 
i. For Sheet Flow, use the following equation: 

 
 
 
 

 
 where: 
  Tt1  =  travel time (hr), 

n          =  Manning’s roughness coefficient (n = 0.10 as per 
USACE, p. 13) 

  L1 = flow length (500 ft)1 
  P2 = 2-year, 24-hour rainfall (4.375 in) 
  s = slope of hydraulic grade line (land slope, ft/ft) 
 

 
1 Note:  The SCS TR55 generally only allows 100 ft and prior 300 ft maximum lengths; however, due to the flat 
terrain and recommendation by the USACE, 500 ft seems plausible. 
 

Tt1 = 
0.007(nL1)0.8 

(P2)0.5s0.4 
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ii. Shallow Concentrated Flow – Use fifteen percent of the longest flow path 
to determine shallow concentrated flow.  Calculate travel time as follows: 

 
  
 
 

where: 
LT = longest flow path 
V1 = Velocity (fps) 
 

1. For slopes greater than 0.005 ft/ft, delineate the flow path as either 
paved or unpaved and use Figure 3-1, “Average Velocities for 
Estimating Travel Time for Shallow Concentrated Flow”, from 
Urban Hydrology for Small Watersheds, Technical Release 55, 
June 1986 to obtain the velocity for use in the above equation.  the 
figure is included at the end of this report.   

2. Due to the flat terrain within the Raymondville Drain, slopes are 
predominantly less than 0.005 ft/ft.  For this condition, calculate 
velocity from the following equations: 

 
 For Unpaved V1 = 16.1345 (s)0.5, or 

  For Paved V1 = 20.3282 (s)0.5 
 

iii. Channel Flow – Determine channel flow using the remaining length of the 
longest flow path and an existing cross within each drainage area.  Obtain 
cross section from the digital terrain model along the channel section 
within the subbasin.  Use equation: 

 
 

 
 

Determine average flow velocity for bank full elevation using the 
following equation: 
 
 
 
 
where: 
V2 = average velocity (ft/s) 
 r = hydraulic radius (ft) and is equal to a/pw 

 a = cross sectional flow area (ft2) 
 pw = wetted perimeter (ft) 
 s = slope of the hydraulic grade line (channel slope, ft/ft) 
 n = Manning’s roughness coefficient for open channel flow (n = 0.10) 
 

 

Tt2 = 
0.15LT 

3600V1 

Tt3 = 
L2 

3600V2 

V2 = 
1.49r2/3s1/2 

n 
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User Specified Hydrograph 
a. Calculate the SCS Unit Hydrograph (UHG) using a standard excel spreadsheet.  A 

sample copy is included at the end of this report.  The spreadsheet requires Time 
of Concentration as determined in Section II of this Design Task Protocol, a time 
interval within an allowable range based on the Tc, and a Peak Rate Factor (PRF).  
The standard SCS PRF is 484, but this number does not correctly reflect the flat 
terrain within the project.  All hydrographs are calculated using a PRF of 150. 

b. Develop a SCS Unit Hydrograph for each drainage area, or subbasin.  In HEC-
HMS, edit subbasin and change Transform to User-Specified UH.  This selection 
requires a specific table for each subbasin.  Enter the table into HMS via the HMS 
Project Definition Menu DataUser Specified Unit Hydrographs.  Set time 
interval to that developed for the UHG in the USACE unit hydrograph 
spreadsheet.  Copy and paste UHG for Selected PRF from excel spreadsheet using 
Control C (copy) and Control V (paste).  One unit hydrograph record is entered 
for each subbasin. 

 
III. Point Rainfall Data HYDRO-35, TP 40, & TP 49 

a. Create an HMS Meteorologic Model for each storm frequency.  The Exceedance 
Probability is the chance that a storm will occur in a single year.  The relationship 
between Storm Frequency and Exceedance Probability is described in Table 1. 

 
Table 1:  Storm Frequency and Probability 

Storm Frequency Exceedance Probability 
2-year  50% 
5-year 20% 

10-year 10% 
25-year 4% 
50-year 2% 

100-year 1% 
250-year 0.4% 
500-year 0.2% 

 
b. For each frequency, obtain the rainfall depths in Hidalgo/Willacy counties as 

shown in the sample HMS Meterologic Model shown on the following page for 
10-Days.  Use HYDRO-35 to determine 5-minute and 15-minute durations.  Use 
TP 40 and TP 49, National Weather Bureau dated 1964,  to determine durations 
from 1-hour to 10-days as shown in sample Model. 

   
TP 49 states that in frequency analysis there are  

“Two types of series - Frequency analyses of precipitation data are based 
on one of two types of data series.  The annual series consists only of the 
highest value for each year.  The partial-duration series recognizes that the 
second highest of some year occasionally exceeds the highest of some 
other year, and utilizes all items above a base value which is selected to 
yield n-items for n-years.  The highest value of record, of course, is the top 
value of either series, but the lower values in the partial-duration series 
tend to be higher than those of the annual series” (p. 2). 
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The Technical Paper No. 49 uses partial-duration series to determine rainfall 
depths.  For the 2-yr, 5-yr, and 10-yr storms, the rainfall depths need to be 
converted to annual series as described in Table 2.  For storm frequencies equal to 
or greater than 25-year, the annual and partial duration series data converge. 

 
Table 2:  Empirical factors for converting partial-duration series to annual series 

Return period Conversion factor 
2-yr. 0.88 
5-yr. 0.96 

10-yr. 0.99 
 

 
 

c. The peak center is set at 25% rather than the default value of 50%.  This will 
cause the location of the peak rainfall amount to occur at 25% in the hyetograph 
rather than in the center at 50%.  The peak flow will occur at day 7 at Outlet 35, 
or the HMS junction point between the upstream and downstream models as 
noted by historical records. 

d. As stated in Technical Paper No. 49, “Any value read from an isopluvial map for 
a point is an average depth for the location, for a given return period and duration.  
The depth-area curve attempts to relate this average point value, for a given 
duration and frequency and within a given area, to the average depth over that 
area for the same duration used frequency” (p. 4).  The storm area is 355 square 
miles for the Raymondville watershed.  This value is required to be input in order 
to account for a depth-area relationship which “reduces the point values of 
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precipitation shown in the [TP 49] maps” and the depth-area curve relationships 
shown in Figure 10 (Miller, p. 4-5). 
 
 

IV. Curve Number (CN) 
a. Determine the Weighted Curve Number.  Use TR-55 to compute Curve Numbers 

for a 1 Day Storm Duration.  Obtain input values for both Land Use and 
Hydrologic Soil Group (HSG).  Although the information for hydrologic soil 
group is within our current ARC-GIS files, they are not quantified by subbasin, 
and there is no aerial attachment for land use.  The process will be expedited by 
using the Web Soil Survey 1.1 at http://websoilsurvey.nrcs.usda.gov/app/   

i. Enter the Web Soil Survey and draw an Area of Interest (AOI) that 
approximately represents a drainage subbasin. 

ii. Once the Area of Interest is selected, go to Soil Properties and Qualities 
 Soil Qualities and Features  Hydrologic Group and select View 
Ratings.  The website generates a report for the AOI describing the soil 
names and slopes, HSG for each soil, Total Acres in AOI per soil, and 
Percent of AOI per Soil.   

iii. Click on the Create Printable Document icon and save PDF version of 
report to the Project Directory.  The report includes an aerial view of the 
AOI and a theme showing Hydrologic Group. 

iv. The original HMS model obtained the drainage areas for each subbasin 
from GeoHMS.  These values do not require any revisions.  Use the 
percentage of HSG Group A, B, C, and D obtained from the web soil 
survey and land use observed in the aerial photo to develop a Weighted 
Curve Number in TR 55.  Note the percentage of A, B, C, and D shall total 
100%.  The total area shall equal the number previously determined by 
GeoHMS.  The maximum area per file in TR-55 is 25 square miles.  Once 
this limit is reached, create a new TR-55 file and document a 1-day, 24 
hour Curve Number for each subbasin accordingly. 

V. Initial Loss 
a. As recommended by USACE, derive the Initial Loss with the following soil 

conservation service (SCS) equations, which relate the initial loss to the soil curve 
number. 

I = 0.2S 
 

 
 

 
 

where: 
I = Initial loss (in) 
S = Potential Maximum Retention 
CN = Curve Number 

b. Document the Initial Loss calculations in the Excel Spreadsheet named 
InitialLoss.xls.  

S = 
1000-CN 

CN 
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VI. Constant Loss 
a. The required constant loss parameter is based on the SCS recommendations for 

specific hydrologic soil groups.  Assign the values shown in Table 3 to each soil 
group and calculate composite Constant Loss Rate based on proportion of 
Hydrologic Soil Group as determined using the Web Soil Survey, and the average 
of the following ranges: 

 
Table 3:  SCS Soil Groups and Infiltration (Loss) Rates 

Soil Group Description Range of Loss Rates 
(in/hr) 

A Deep sand, deep loess, aggregated silts 0.30-0.45 
B Shallow loess, sandy loam 0.15-0.30 

C 
Clay loams, shallow sandy loam, soils low in 
organic content, and soils usually high in clay 

0.05-0.15 

D 
Soils that swell significantly when wet, heavy 
plastic clays, and certain saline soils 

0.00-0.05 

 
These values are calculated on InitialLoss.xls spreadsheet and input into the HMS 
Model and will be applied to the unit hydrograph for the 10 day duration. 

 
VII. Status of HEC-HMS Models 

a. Revise the existing ‘Without Project’ Model to reflect the changes described in 
this Design Task Protocol, Hydrology.  Copy the corrected HMS Project, as 
applicable, and revise to represent each proposed alternative.  Clearly describe 
each project alternative and document the basins accordingly.  

Documentation 
     All supporting documentation shall be maintained in a hardcopy format using Calculation 
Books.  The Table of Contents shall be as shown as follows: 
 
Hydrology 

I. Design Task Protocol 
II. Flow Summary 
III. Initial Loss 

a. Initial Loss and Constant Loss Calculation Summary 
b. Hydrologic Soil Group Breakdown by Percentage Summary 
c. Sub-Area Land Use and Curve Number Details 
d. USDA Hydrologic Group Rating for Hidalgo County, Texas (by Subarea) 

IV. Time of Concentration 
a. Time of Concentration Calculation Summary 
b. Sub-Watershed Cross Section Details 

V. Unit Hydrograph 
a. User Specified Unit Hydrograph 

VI. HEC-HMS prints of Input Data 
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