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630.0600 Introduction  71 

The stream system of a watershed is divided into reaches, and the watershed into hydrologic 72 

units, for the convenience of work during study. This chapter provides some details on the 73 

selection of reaches for hydrologic or economic studies, presents alternative means for studies of 74 

alluvial fans, and briefly describes a hydrologic unit and its use in a study. 75 

 76 

630.0601 Reaches  77 

A reach is a length of stream or valley used as a unit of study. It contains a specified feature that 78 

is either fairly uniform throughout, such as hydraulic characteristics or flood damages, or that 79 

requires special attention in the study, such as a bridge. Reaches are shorter for hydraulic studies 80 

than for economic ones, so it is best to consider hydraulic needs first when selecting reaches and 81 

then combine the hydraulic reaches into longer ones for the economic study.  82 

 83 

Reaches are physically defined throughout their length and at each end by cross sections that 84 

usually extend across the valley and include the channel section as well as a significant portion 85 

of the flood plain. The section should include enough of the flood plain to extend beyond 86 

whatever flood limits the engineer expects to occur in the study. A cross section is either straight 87 

and at a right angle to the major path of flow in the valley, or it is a connected series of segments 88 

that are at right angles to flows in their vicinity. An example is shown in Figure 6-1.  89 

 90 

The head and foot of a reach are the upstream and downstream ends respectively. Right bank and 91 

left bank are designated looking downstream. For reference, reaches and cross sections are 92 

numbered in a simple and consistent way, such as the ones in Figure 6-2 and Table 6-1. 93 

However, if a computer program is used, the numbering must follow the system specified in the 94 

program. For example, Hydrologic Engineering Center – River Analysis System (HEC-RAS) 95 

computer program assumes that higher number cross section river stations are upstream of lower 96 

number river stations. 97 

 98 
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Figure 6- 2: Hydrologic unit having detail for use as a sample watershed 102 
  103 
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Table 6- 1:  Reach and Cross Section Data 105 

Reach 

Number1 

Cross 

Section 

Number 

Cross Section 

Stationing 

Length of 

Reach2 

(feet) 

Travel 

Time3 

(hours) 

Accumulated 

Drainage Area 

(square miles) 

Runoff Curve Number 
4 

Present Future 

4 

  7,500 0.6  80 78 

FR-1 2231+00   3.65   

HH 2192+00   4.06   

GG 2160+00   4.47   

6 

  15,600 1.5  80 78 

FF 2138+00   7.55   

EE 2100+00   8.0   

DD 2054+00   8.4   

CC 2016+00   8.8   

BB 2014+00   8.8   

AA 2012+00   8.97   

1- Reach number is same as subwatershed number.  106 
2- Channel length of reach. 107 
3- Travel time of a 2-year frequency flow through the reach.  108 
4- Runoff curve numbers for the total area above the foot of the reach. They were obtained by weighting 109 

(NEH, part 630, chapter 10). 110 
5- Drainage area at the head of the reach.  111 
6- The drainage area at this cross section was estimated.  112 
7- Use drainage area at the foot of the reach if the cross section is located at or near the lower boundary 113 

crossing of the stream. 114 
  115 
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 116 

The use of GIS packages can greatly facilitate watershed visualization and assessment.  Figure 6-117 

3 provides such an example. This Figure was generated using ArcGIS 9.3 ArcInfo and ArcScene 118 

and hydrologic characteristic were generated using HEC-GeoHMS.  The watershed, Holt 119 

Canyon, is located in Washington and Iron County, Utah.  The grade stabilization structure and 120 

floodwater retarding structures are both nonexistent but used to illustrate cross sectional and 121 

reach placement.  122 

 123 

The purpose of a reach determines which relationships of the reach must be developed from 124 

cross section information. For a hydrologic study the required relationships include those of 125 

stage and discharge (NEH, part 630, chapter 14), stage and end-area (NEH, part 630, chapters 14 126 

and 17). If the work is environmental stream restoration, habitat or fluvial geomorphic 127 

characteristics should be utilized (NEH, part 654). For an economic study the relationships are 128 

stage and discharge (NEH, part 630, chapter 14), stage and area-inundated (NEH, part 630, 129 

chapter 13), and stage and damage (National Resource Economics Handbook, Part 611, Water 130 

Resources (Floodwater)).  131 
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 134 
Figure 6- 3:  Hydrologic mapping developed with ArcGIS software. 135 
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(a) Location  138 

The head or foot of a reach is at or near one of the following places on a stream:  139 

 Boundary of an agricultural area having flood damages.  140 

 Boundary where agricultural damages change significantly.  141 

 Boundary of an urban area or any other area of high potential flood damage for 142 

which levees or other local protective works may be proposed.  143 

 Junction of a major tributary and the main stream.  144 

 Station where streamflow is gaged. 145 

 Hydraulic control feature, such as a bridge, weir, culvert, or low-flow stream 146 

crossing  147 

 Existing or Proposed site for a floodwater-retarding or other structure.  148 

 Section where shape or hydraulic characteristics of the channel or valley change 149 

greatly.  150 

 Section where channel control creates large storage upstream.  151 

 Major political boundaries.  152 

 Point of diversion. 153 

 Change in geomorphic channel type 154 

 Change in channel evolution stage 155 

 Change in aquatic or riparian habitat 156 

 Change in PFC or SVAP reach designations 157 

In selecting reaches the method of computing water surface profiles may specify a 158 

maximum permissible length of reach. Some hydraulic models have a built-in routine for 159 

transposing or interspersing auxiliary cross sections to avoid stopping the program when an 160 

excessive length of reach is encountered in the data. Even these programs have limitations 161 

that must be observed.  162 

 163 
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Locations for reaches are selected by the engineer and others in the evaluation or planning 166 

team. Tentative locations are made during the preliminary investigation of a watershed 167 

(NEH, part 630, chapter 3) and shown on a base map or aerial photograph. Low altitude 168 

aerial reconnaissance may be necessary for locating reaches in watersheds without access 169 

roads or where timber, brush, or cultivated crops obstruct vision at the ground level. If flood 170 

damage studies will be made, flood plain areas with potentially high damage are also located 171 

and shown. The map or photograph is later used for identifying the reaches that need most 172 

attention in the studies. Once the relative importance of the reaches is known, the engineer 173 

selects the locations of cross sections and determines whether the information requires filed 174 

surveys or can be obtained from remotely-sensed data such as LIDAR.  175 

 176 

(b) Measurement  177 

Each cross section should define the changes in ground elevation in the line of a cross 178 

section.  The  horizontal distances between sections must be measured. The cross-section 179 

should  include the channel and flood plain shape with distance and elevation measurements 180 

along a line perpendicular to the channel flow paths. Manning's n must be estimated for 181 

hydraulic computations (NEH, part 630, chapter 14) for each reach. The value of n must 182 

represent roughness conditions for the full length of the reach between each section. If a 183 

cross section is divided into segments, the n for each segment applies to a strip through the 184 

reach between adjacent cross sections.  185 

 186 

(c) Length  187 

The length of a reach is the distance between cross sections at the head and foot, measured 188 

along the sinuous path of flow in the channel or valley. In general, the minimum length is 10 189 

times the bankfull width, but it can be much larger. The channel is nearly always longer than 190 

the valley so that two lengths may be applied in a study: 191 

 The channel length represents the flow length when the flow is relatively low (within 192 

the channel banks).  193 

 The valley length represents the shortened flow length over the flood plain.  194 
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 196 

The reach length becomes shorter when flow spills into the overbank floodplain. This 197 

change that may be taken into account when computing water-surface profiles (NEH, part 198 

630, chapter 14) and flood damages (NEH, part 630, chapter 13). Because flow paths are 199 

often complex and not easily determined in the field, reach lengths are generally determined 200 

using aerial photography or a detailed topographic map.  201 

 202 

(d) Profile  203 

Cross section elevations must be referenced to a common datum for computation of water-204 

surface profiles by the standard step method.  205 

 206 

(e) Hydraulic roughness  207 

Estimates of hydraulic roughness (Manning's n) are made by the procedure given in NEH-5, 208 

Supplement B, or an equivalent procedure. Publications such as Barnes, Jr., H.H., Roughness 209 

characteristics of natural channels, U.S. Geological Survey Water Supply Paper 1849, 1967; 210 

Arcement, G.J., and Schneider, V.R., Guide for selecting Manning's roughness coefficients for 211 

natural channels and flood plains, U.S. Geological Survey Water Supply Paper 2339, 1989; NEH 212 

654.7, and Fasken, G., Guide for selecting roughness coefficient "n" values for channels, 1963, 213 

give more information on Manning's n and its variations in natural channels.  214 

 215 

(f) Reach data for a computer program  216 

Software user manuals generally describe the limitations on the input data, such as length of 217 

reach and number of elements in a cross section.  Users should keep these limitations in mind 218 

when working instructions are given to the survey crew or creating cross sections from remotely-219 

sensed data such as LIDAR. Typical limitations are given in NEH part 630, chapter 31.  220 

 221 

  222 
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(g) Outflow Hydrographs from Structures  224 

Outflow hydrographs from existing or proposed structures (see sites FR-1 and FR-2 in Figure 6-225 

2) are typically obtained from software with hydraulic routing capabilities such as WinTR-20, 226 

SITES, WinDAM, HEC-RAS or Hydrologic Engineering Center – Hydrologic Modeling System 227 

(HEC-HMS).  WinDAM and HEC-RAS have the capability to model the breach outflow from an 228 

overtopping or internal erosion event. 229 

 230 

630.0602 Alluvial fans  231 

Alluvial fans, also called debris slopes or debris fans, are sediment deposits formed where the 232 

grade of a mountain stream is abruptly reduced as the stream enters an area of gentler slope, such 233 

as the valley of another stream. Large fans may be inhabited or have agricultural use. The paths 234 

of flood flows shift from one side to another of a fan so that reaches are useless and a special 235 

method for project evaluation must be adopted. In this method the floodwater damages on 236 

alluvial fans are related to actual or estimated runoff volumes that are referenced to an upstream 237 

cross section above the fan, such as a stream gage or other control section. The evaluation of 238 

flood damages follows this order:  239 

1. Obtain information about the monetary value of damages for each known flood on the fan 240 

from interviews and historical sources.  241 

2. Determine the volume of flood runoff for each flood from streamflow records or estimate 242 

by use of rainfall and watershed data and the methods shown in NEH, part 630, chapter 243 

10.  244 

3. Develop the relation between flood runoff and damages is developed (National Resource 245 

Economics Handbook, Part 611, Water Resources (Floodwater)).  246 

4. Estimate the frequencies of flood-runoff amounts (NEH, part 630, chapter 18).  247 

5. Develop a damage-frequency curve is developed (National Resource Economics 248 

Handbook, Part 611, Water Resources (Floodwater)).  249 

6. Determine the average annual damage (National Resource Economics Handbook, Part 250 

611, Water Resources (Floodwater)).  251 
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7. Analyze the effects of a proposed upstream project on the runoff amounts . The amounts 254 

(and therefore the flood damages) decrease when changes in land use and treatment 255 

decrease the runoff curve number (NEH, part 630, chapter 10) or when storage structures 256 

or increased upstream channel storage reduce flood flows (NEH, part 630, chapter 17).  257 

8. Use the runoff-damage relation of step 3 with the reduced runoffs of step 7 to estimate 258 

remaining damages. 259 

  260 

9. Develop a modified damage-frequency curve and plot on the graph used in step 5.  261 

10. Obtain the difference between present and future damage-frequency curves as shown in 262 

National Resource Economics Handbook, Part 611, Water Resources (Floodwater) and 263 

estimate the project benefits.  264 

 265 

630.0603 Hydrologic units  266 

When a large watershed or a river basin is studied, the watershed or basin should be divided into 267 

subareas or subwatersheds, called hydrologic units (HU), and the study made in terms of these 268 

units.  269 

 270 

An HU may also be used as a sample watershed; that is, project costs and benefits within a 271 

selected HU are evaluated in detail and afterward applied to other similar HU's for which no 272 

internal evaluation is made. The data in the sample evaluation reach or HU can be expressed as 273 

units per mile of reach or per square mile of HU. Transfer of evaluation to another similar reach 274 

or HU can then be accomplished by simply multiplying the unit values by stream miles or square 275 

miles for the HU of interest. The small watershed in figure 6-2 has enough detail for a sample 276 

watershed.  277 

  278 
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Each HU is the drainage area of a minor tributary flowing into the main stream or a major 280 

tributary. Areas between minor tributaries are combined and also used as HU's. Cross sections 281 

and reaches are needed only when an HU is a sample watershed. Storms in the historical or 282 

frequency series (NEH, part 630, chapter 18) are developed on an HU basis, as are runoff curve 283 

numbers and hydrographs. Hydrographs for present, and with future land use and treatment 284 

conditions, are developed for an entire HU with reference to its outlet (NEH, part 630, chapter 285 

16).  286 

 287 

If an HU contains structural measures that affect the peak flow rate and/or timing of a 288 

hydrograph, the changes are determined by methods of routing (NEH, part 630, chapter 17) and 289 

the modified hydrograph, like the others, is referenced to the HU outlet. The  290 

watershed or basin flood routing is carried out on the major tributaries and main stream, with the 291 

HU's supplying the starting and local inflow hydrographs. 292 

 293 

It is often useful to determine the stream reaches in a watershed network having common 294 

attributes.  These attributes can include common soil map units, groundwater characteristics, 295 

channel and floodplain geometries, or plant communities.  Within these reaches, similar 296 

conservation practices may be appropriate that are not appropriate for reaches that have different 297 

discharges, channel sizes, or soil types.  One of the most common methods for defining reaches 298 

within a single watershed network is through the use of the Strahler Stream Order system.  In this 299 

system, reaches are assigned a stream order beginning with 1st order for headwater reaches.  300 

Stream order increases when 2 reaches of the first order join.  Stream order does not change 301 

when a lower order reach joins a higher order reach.  The stream order increases with increasing 302 

junctions.   303 
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First order streams begin at the point where surface runoff discharges are great enough to form a 306 

definable channel and associated floodplain.  The watershed size required for the formation of 307 

first order reaches varies with climate, geology, and other factors.  A map showing stream 308 

reaches designated by stream order can be readily developed using GIS Spatial Analyst tools if 309 

digital elevation data is available.  The Strahler Stream Order system is illustrated below in 310 

Figure 6-4.  More information on this system and stream classification in general is available in 311 

NEH 654. 312 

 313 

Figure 6- 4:  Stream ordering in a drainage network  314 
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