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Using Mannings Equation with Natural Streams

By Dan Moore, P.E., Hydraulic Engineer
NRCS Water Quality and Quantity Technology Development Team
Portland Oregon

Background

These days almost everybody knows that straightening a stream helps neither nature nor humans. The
channel is only one aspect of a riverine ecosystem. Streams create riparian zones and corridors all tied
together with not only the surface water flow, but also groundwater, vegetation, wildlife, and human
activity. We have competing human interests. We want to use the good land near streams for
agricultural purposes, without harming the healthy balance of the stream’s sediment transport, plant
life, and wildlife habitat. We need to bridge them for traffic and commerce. Healthy streams are a joy
to be around. People want access for fishing, hiking, bird-watching, and overall enjoyment of nature.
We like to build our homes near them. We like our restaurant views to see them.

e i FLOODPLAIN

* | Figure 1.10a from Stream Commdor Restoration, 1998,
by the Federal Interagency Stream Restoration Working Group

Projects involving streams need the cooperative expertise of numerous disciplines. Engineering is very
important because an appreciation of the physical power of flowing water forms the foundation for
everything else. But how much detailed engineering work is necessary for a given project?

Work in the stream corridor often does not require extensive hydraulic modeling. Uniform flow
calculations and the associated hydraulic parameters often suffice. However, the interdisciplinary
nature of stream work can lead to technical misunderstandings by stream team members. Does
Mannings equation correctly calculate hydraulic parameters for real rivers or not? The question itself
indicates a less than full appreciation of the hydraulics of natural streams.

Mannings equation computes a uniform flow or normal depth approximation. The formula can come
close to reality only to the extent that the real stream condition is uniform flow or normal depth.
Natural streams often do not exhibit that behavior, which will be further explained below.
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A common form of Mannings equation solves for flow velocity.

Here, the variable R is hydraulic radius, defined as the flow area V = 1.436 R 23gl/2
divided by the length of the cross-section wetted perimeter. n

The variable S is longitudinal channel bed slope. The variable n

is the empirically derived roughness or boundary resistance

coef_fici_ent callec_j Ma}nning’s roughness or n-value. Using the fl_ow _1.486 2/31/2
continuity equation, in which streamflow is equal to flow area times Q= TAR S

flow velocity, a second form of Mannings equation is possible,
enabling a solution for flow (Q) in cubic feet per second.

These conditions are covered in basic hydraulics textbooks, such as Chow’s Open-Channel Hydraulics
(Chow, 1959). Herein, a succinct explanation will be provided and tips will be given so that
practicioners can more easily estimate how closely a stream may be expected to flow at normal depth
or the Mannings equation solution.

In addition, the equation is strongly dependent on choices of roughness coefficient. Most real stream
cross-sections have significantly varying boundary roughness, so that no practicioner could be
expected to select an overall cross-section roughness coefficient from field observation. A better
practice is to select different roughness values for different sections of the cross-section wetted
perimeter. Then a composite roughness for the entire cross-section may be calculated from formulas
such as given in Chow (1959) and adjusted for other conditions in the stream reach.

Explanations

Considering a short stream reach, the term uniform flow refers to a condition in which the flow depth
and area, average velocity and discharge do not change from one cross-section to another in the reach,
and the slopes of the channel bed, water surface, and energy gradeline are identical (thus parallel). The
word “normal” in normal depth is meant in the mathematical sense. If the slopes of the channel
bottom and the water surface profile are parallel, then the water surface is normal or perpedicular to its
depth.

How often does this condition occur in natural streams? Here’s Chow (1959, page 89):

In natural streams, even steady uniform flow is rare, for rivers and streams in natural states
scarcely ever experience a strict uniform-flow condition. Despite this deviation from the truth,
the uniform-flow condition is frequently assumed in the computation of flow in natural streams.
The results obtained from this assumption are understood to be approximate and general, but
they offer a relatively simple and satisfactory solution to many practical problems.

Not only should stream team members understand that Mannings equation provides a uniform flow
approximation, they should also know the kinds of natural conditions that cause the deviation from
reality to be either small or large. For this understanding, one should look not at a single cross-section,
but at a stream reach. And the same factors that affect boundary resistance to the flow, or roughness,
affect how closely the actual stream flow may be approximated by normal depth.

In Mannings equation, resistance to the flow is accounted for by the n-value, known as Mannings
roughness coefficient. This empirical coefficient is not easy to correctly assertain by observation, as it
is dependent on many physical aspects, including streambed composition, vegetation, cross-section
irregularity (in the reach), channel alignment (straight or meandering), obstructions in the flow, and
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sediment transport. In additon, the n-value for the same cross-section may vary significantly with
depth and discharge.

Chow (1959) offers procedures for estimating Mannings n-values for channels and overbanks.
Another frequently used procedure is provided by the US Geological Survey in Arcement and
Schneider (1989). The more physical variation a stream reach exhibits the less likely it will flow at
normal depth, and the more likely that it will be experiencing backwater. This term refers to what
hydraulic engineers call a subcritical flow regime, in which roughness conditions toward the
downstream end of a reach control the depth, and a water surface deeper than normal depth is backing
up through the reach. In mildly sloped streams backwater conditions are very often present. A stream
flowing at normal depth is experiencing no backwater (and Mannings equation cannot account for it).
However, a lack of backwater does not mean the flow condition is not subcritical. Normal depth can
occur in either subcritical or supercritical flow regimes.

NRCS photo gallery,
see photo credit in References

A key tip for stream team members who make field observations is to note the variability of those flow
resistance factors in the stream reach. For example, if two channel cross-section in the reach have
different widths or shapes or have significantly different vegetation, the reach will probably not
experience uniform flow. And if the channel bottom slope varies in the reach, which slope should be
assumed for Mannings equation? Knowing that the equation will compute a depth that only
approximates the real condition, the user may wish to make several calculations with different slopes
to see how much the calculated depth changes with that factor. The Mannings roughness value is
known to be a very significant variable in the equation. A prudent stream team member may wish to
calculate how much the Mannings equation output changes with different estimations of n-value.

Since Mannings equation is applied at a single cross-section, it is important to understand the
assumptions made for hydraulic parameters at that one location. For example, anyone who has
observed a natural stream will notice that the flow is faster in the deeper middle part of the cross-
section, and less fast near the edges where vegetation may be impeding the flow. But Mannings
equation contains only one variable for velocity, which is the average velocity of the entire cross-
section. If the roughness varies in different parts of a cross-section, how does the practicioner
determine “composite” n-values for Mannings equation?

Example calculations

A simple cross-section will be used to show how the hydraulic parameters for Mannings equation are
determined, and the output of three existing software programs will be compared. The cross-section
(below) shows a water surface at elevation 13.5, and the magenta triangles and rectangles show
subdivisions of flow area up to elevation 13. Four roughness coefficients have been estimated for the

3



hydraulics August 2011

different parts of the cross-section, with, for example, and n-value of 0.05 for the left bank. Within the
channel, higher n-values on the banks indicate heavy vegetation. Note the section of vertical bank on
the right side of the channel. Also, the lower roughness value on the right bank is due to the effect of
cattle grazing.

Murky Creek station 600
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To determine the uniform flow of this cross-section we may use
one of the forms of Mannings equation. Note that both require V = 1.486 R %3gl/2
cross-sectional flow area. (Although the velocity form does not n
contain the variable A, the hydraulic radius must be computed
from A divided by wetted perimeter.
y wetted p ) 1486 o ui
Q= AR?*SY
Consider the flow level at elevation 13 for slightly easier n

computations. One can divide the flow area into little triangles

and rectangles (as shown) and compute the total by hand. Wetted perimeter is the length of the brown
cross-section lines below elevation 13. The channel slope, S, must be a given— for this example,
assume a slope of 0.005 feet vertically per foot of channel.

What about a composite n-value? Chow (1959, page 136) gives two formulas, explaining the
assumptions behind each. (The two methods do not result in wildly different composite n-value
estimations.) Both equations make use of the wetted perimeter lengths associated with each n-value in
the cross-section. Thus, for the cross-section above, four wetted perimeter sub-values are used,
corresponding to the four roughnesses present along the flow boundary.

. . . . 15 15 15 15)2/3
At right, the first equation (6-17 in Chow) (Plnl +B,n,” +Bn,” +P,n, )
is based on the assumption that each of the n= 73
4 I:)total
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four sub-areas of flow has the same mean velocity, equal to the mean velocity of the entire cross-
section. P is wetted perimeter.

The second equation Chow gives (6-18) is ’ ’ ) 5\1/2
based on the assumption that the total force (Plnl +B,n, +Bn+Pn, )
resisting the flow in the cross-section is equal n= 172

to the sum of the forces resisting the flow in Ptota|

each of the subdivided areas.

WP n-value For the above cross-section, with water surface at elevation 13, the
22.22 0.05 table at left shows the calculatation of composite n-value by using the
34.78 0.035 two equations. A different cross-section with different roughness

2.00 0.05 combinations could, of course, show a wider difference, but this shows

6.08 0.04 that the difference is not an order of magnitude.

65.08 (= total) The uniform flow calculations using Mannings equation and the above

) hypothetical cross-section were computed using three software applic-
composite 11 -value: ations, HecRAS, WIinXSPRO, and the NRCS spreadsheet “Cross-Section
eqn 6-17  0.0413 Hydraulic Analyzer”. HecRas, from the US Army Corps of Engineers
eqn 6-18  0.0416 (Brunner, 2008) has a Uniform Flow calculator in its Hydraulic Design
menu. The computations in HecRAS were made for water-surface
elevation 13.5 and a screenshot of HecRAS results are shown below:

Hydraulic Design - Uniform Flow

File Type View Help
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The red box from the screenshot above is enlarged here: iz
Slope: (0.005 =i |
!\lote that by inserting the water sur_face elevation of_13.5 Discharge: [1305 Unifarm
in the box near the bottom of the window, and pressing -
Compute, near the top above the cross-section plot, the WS Ele: 13,50 Solve

computed discharge is 1305 cfs. One may calculate water
surface elevation by blanking out that box, entering a discharge and pressing Compute. Or obtain
discharge by blanking out the discharge box and entering water surface elevation.

The same calculation, using the NRCS spreadsheet (Moore, 2009) is shown below. The spreadsheet
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computes a rating curve for each half-foot level of the cross-section, but also allows the user to
compute parameters for any specific water surface elevation. The entire rating curve is shown, with an
inset of the output for elevation 13.5 enlarged for better readability.

\'3'| naturalTestve.xlsm

B

A A B C 1 E F G H I T K L M N o] -
¥ Ma_nnmgs Equat[on Ana]_ysis w.s. elev flow area wetted P hydr.radius topwidth  hydr. depth nvalue  darcy-weis.f conveyance discharge  velocity shear =
3 version9, August 2011 _
3 Murky Cre‘ek station 600 a.nalyze Smgle V?’ater surface unit system: eng
4 cross-section data: elevation auto scale: yes
5 station | elevation | n-value |
6 10 15 0.05 hydraulic properties for given water surface elevation:
7 15 133 ws.clev | flowarea | weltedP | hydr.radius | ftopwidth | hydr.depth | nvalue | darcyweisf  conveyance | discharge | velocity | shear
8 45 13 1350 2444 1012 241 98.1 249 0.044 01041 = 18892 1336 547  0.753
9 65 10 0.035
10 75 7 calculate fati-ﬁg profile slope= bank stattm;s: left right
1] &7 75 table | “0.00500 ]
12 95 8.5
13 99 10 0.05 hydraulic properties rating table:
14 99 12 0.04 w.s. elev flow area b wetted P L hydr. Iadius‘ top width | hydr. depﬂ:‘ n value 3 da[ry,weis.f‘ conveya.n:e‘ discharge 3 velocity b shear
15 105 13 15.00 4243 153.4 277 150 2.83 0.043 0.0963 36486 2579.98 6.08 0.863
16 120 14 14.50 354.6 131.9 2.69 129 276 0.043 0.1022 29196 2064.47 5.82 0.839
17 160 15 14.00 205.7 110.3 2.68 107 2.76 0.044 0.1149 22927 1621.17 5.48 0.836
hydraulic properties for given water surface elevation:
w.s. elev flow area wetted P h hydr. radius‘ top width h hydr. deplh‘ n value h darcy—weis.f‘ conveya.nce‘ discharge h velocity ] shear
13.50 2444 101.2 24 98.1 249 0044 01041 18892 133587 547 0.753

23 11.00 25 0.1260

24 10.50 84.8 387 239 i 227 0.037 0.1214 5788 409.30
25 10.00 67.0 348 1.93 34.0 97 0.035 0.1149 4404 311.39
26 9.50 50.8 316 1.60 31.0 1.64 0.035 01221 2954 208.86
A7 9.00 36.0 285 127 28.0 1.29 0.035 0.1321 1788 12642
28 8.50 22.8 253 0.90 25.0 0.91 0.035 0.1430 900.0 63.64
29 8.00 b g 19.5 0.60 19.3 0.60 0.035 0.1697 3514 24.85
30 7.00 0.0 0.0 0.00 0.0 0.00 0.035 0.1697 0.00 0.00
H 4 b M| data < x-sec graph < cales -~ segments ¥ il

Note that the calculated discharge is 1336 cfs. This is slightly higher than the HecRAS value of 1305
cfs. How is this difference be explained? The HecRAS Hydraulic Reference Manual documents that
the program computes composite n-value using Chow’s equation 6-17, whereas the NRCS spreadsheet
uses Chow’s equation 6-18. But a closer look at HecRAS reveals a possible internal inconsistancy in
the program. (However, it should be noted that computing Mannings equation for a single cross-
section, such as is done with the HecRAS Hydraulic Design calculator, can reasonably employ
different assumptions than those of a Bernoulli equation approach between two or more cross-sections,
as the program does in its steady flow analyses.)

A similar output table from HecRAS can be used to evaluate the spreadsheet rating curve.

i Profile Output Table - xsecAnalyzer

6

File Options Std, Tables User Tables Locations Help
HEC-BAS Flar: manningsTest  River: Murky Creek  Reach: nomal
Reach |RiverSta [Profle  |E.G. Slope|'w.S. Elev| Flow Area|'w! P. Total| Hydr Radius| Top Width|4ann Witd Le | Mann Witd Chil| nn 'wid R | Cony. Total] O Total | Vel Total [ Shear Total|
fem | m | mam | m | m i | | | = | el | sl | (bisgr) |
nomal | 600 FF1 0.004590 800 1168 19.53 0ED  19.34 0.035 B 2485 213 019
nomal | 500 FF 2 0.004394 850 227 25.30 080 2500 0.035 9005 E3E4 2.80 028
nomal | 500 FF 3 0.005000 900 300 20,46 127 2800 0.035 17878 12642 351 039
nommal | E00 FF 4 0.005001 950 BO07R I1.62 160, 31.00 0.035 29535 20885 412 050
nomal | 500 FF5 0004397 1000 6702 34.79 193 3400 0.035 44052 3129 465 060
nomal | E00 PFE 0004575 1048 8442 3854 219 37%E 0.036 5027 409.20 485 0Es
nomal | 500 FF 7 0004951 1098 10353 42.32 245 4054 0.033 74250 52243 5.04 076
nomal | 600 FF & 0004529 1148 12468 46,31 2E3 4388 0.039 92795 E51.50 5.23 0.83
nomal | 500 PF 3 0004915 1198 14716 F0.02 294 4717 0.039 11371.4|  797.25 5.42 0.0
nomal | 500 FF 10 0005037 1248 5E.42 306 EI4 0.041 132659 941.48 546
nommal | E00 PF 11 0005139 12.99 £2.91 320 B9.E2 0.042 155529 1114.92 5.54
nomal | 600 PF12__ } 00053s RES] 242 98 15301.0( 1:
nomal | E00 PF 13 0005433 14.02 111.23 2E8  107.99 0.080 0043 0050 219943 1E21. 5.44
nomal | 500 FF 14 0005407 1453 133.04 263 12971 0.050 0043 0050 280759 2064.47 576
nomal | 600 FF 15 0005418 15.03 153.45 279 150.00 0.050 0.043 0050 350506 2579.9% 6.02




hydraulics August 2011

(The highlighted line in the table is enlarged below.) This output table has been produced by the
HecRAS steady flow analysis, rather than the HecRAS Hydraulic Design Uniform Flow calculator.
Note that a user can perform uniform flow computations using the steady flow analysis capability of
HecRAS as long as the cross-sections are identical and slope profile constant. (Of course, the
roughness must also not change between the two cross-sections.)

The upstream cross-section 600, in HecRAS table, is identical to the one used in the NRCS spread-
sheet. Another important step is that the user must set the HecRAS downstream flow boundary to be
“normal depth”. The 100-foot reach has two cross-sections, and the downstream one has been lowered
0.5 feet to obtain the required 0.005 slope. By running a range of flows set identical to the spreadsheet
output, HecRAS computes the output table below. The row for elevation 13.5 has been highlighted
and the comparable section from the NRCS spreadsheet follows:

River Sta | Profile E.G. Slope|"W.5. Elev| Flow Area| W . Total| Hydr Radius| Top "Width|4ann *td Le | Mann Witd Chol| nnwitd B | Cone, Total| 3 Total | Vel Total | Shear Total
[FtfE] [ft] [zqft) [Ft) [FE] [Ft] [cfs) [cfs) [ftds) Iz Ft)

E00 PF 11 0.005133 12.93 2EI1 14 £2.91 3 ED 53.82 0.042 166629 1114, 92 5.54 1.03

B0 FF12 Nk 1351 245 952 235 87 5 45

E00 PF13 0.005433 14.02 298 D4 111.23 268 10793 0.050 0.043 0.0500 219943 1621 1?‘ 5.44 0.9

enn [==ET n nnRAnT! 1Ar2 me1R 1204 2eal 1907 n Aenl nma2l AnRnl oenTRal 2neA AT E7E nat

hydraulic properties for given water surface ele-vatlon

w.s. elew flow area wetted P hydr. radlus top wuilh hydr. deplh n value h da.tq'—weis.f‘ conveya:ﬂce‘ discharge A velocity i shear

13.50 2444 101.2 241 98.1 249 0.044 01041 18892 133587 547 0753

The HecRAS steady flow output shows an energy grade line slope of 0.005328, so it is not quite
computing “normal depth”. (The slope would have to be exactly 0.005.) But notice that the flow of
1335.87 corresponds to a water surface of 13.51. The NRCS spreadsheet goes the other way, taking
the depth and computing the discharge. But the pair of values are elevation 13.5 and flow 1335.87.

This evaluation seems to show that the steady flow analysis capability of RAS does a better job of
computing uniform flow in a cross-section than does its Hydraulic Design function. (The explanation
probably involves a difference in the HecRAS composite roughness computation between the two
ways of performing the analysis.)

Users may get differing results for uniform flow for another reason. Remember that Mannings
equation uses average velocity for the entire cross-section. Certain cross-section shapes and horizontal
changes in roughness can throw a curve-ball at the user. If total cross-section Mannings results are
compared with those of a sub- d|V|ded Cross- sectlon the dlfference can be S|gn|f|cant

| [Scatter Croek, Thurston Co WA, ||
see photo credit in References
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When flow breaks over a bank, especially if the overbank is relatively wide and flat, Mannings
equation applied to the entire flow area may not do a good job of estimating the true uniform flow.
This will be further explained below. The overall average velocity may be too affected by relatively
high overbank roughness. (Consider another issue: at the stage shown in the photograph above, and
for similar stream reaches, the likelihood of the discharge being uniform flow is quite remote.)

The third program in this uniform flow analysis comparison is the Forest Service application
WinXSPro (Hardy, 2005). The same cross-section is input and the resulting rating curve table is
shown below. This program does not compute the overall flow using the average values of the entire
cross-section. It divides the section into a different part for each different roughness value, computes
the discharge component of each and sums them for the total.

STAGE #SEC LREL PERIM WIDTH R LHYD SLOPE n FAVG Q SHEAR
(£ {sq ££)  (EX]  (EE) (£t (EL] (fr/Er) (frss) {cEs) ipsE]
5.50 i 152.00 34,75 34.00 4,37 4.47 0.0050 0.035  5.05 1222.97 1.386
5.50 B 0.00 2.00 0.00 0,00 4.47 0.0050 0.050  0.00 0.00 0.00
5.50 C 20.83 16.85 16.67 1.24 1.25 0.0050 0.050  2.43 50,56 0.39
5.50 D 0.75 3.04 3.00 0,25 0.25 0.0050 0.040  1.04 0.78 0.08
5.50 T 173,58 56,68  53.67 3.06 3.23 0.0050 7.34 1274.31 0,96
&.00 i 169,00 34,78  34.00 4,86 4.97 0.0050 0.035 &.54 1459.33 1.52
&.00 E .00 z.00 0.00 0,00 4.97 0.0050 0.050  0.00 0.00 0.00
6. 00 C 30,00 20,22 20,00 1.48 1.50 0.0050 0.050 2.74 82.22 0. 46
6.00 D 3.00 6. 08 £.00 0,49 0. 50 0.0050 0.040 1.54 4.93 0.15
6.00 T Z0Z.00 £3.09 60,00 3.20 3.37 0.0050 7.66 1546. 48 1.00
6. 50 i 186.00 34,78 34,00 5.35 5,47 0.0050 0,035  9.20 1712.10 1.67
6. 50 E 0.00 z.00 0.00 0,00 5.47 0.0050 0.050 0.0 0.00
6. 50 C 50, 56 50,55 50,59 0,99 1.00 0.0050 0.050  2.10 0.31
6. 50 i .87 13.60 13.50 0.58 0.58 0.0050 0.040  1.83 0.18
G. ‘T 101. 23 935, e s 0. 0050 T 0.75
7.00 i 203,00 34,78 34,00 5,84 5,97 0.0050 0.035 9.76 1.82
7.00 E 0.00 2.00 0.00 0,00 5.97 0.0050 0.050 0.0 0,00
7.00 C 76,22 52,40 52,06 1.45 1.46 0.0050 0.050  2.71 206,19 0. 45
7.00 D 16.50 z1.1z  21.00 0.78 0.79 0.0050 0.040 2,23 36,87 0.z4
7.00 T 295.72 110.30 107.06 2.68 2.76 0.0050 7.52 2223.84 0.54

The rating curve is upside-down, compared to the NRCS spreadsheet, and is given relative to stage, or
depth from the thalweg, rather than in elevation. Thus, elevation 13.5 in the NRCS spreadsheet
corresponds to stage 6.5 in WinXSPro. The “T” in the highlighted line above indicates the WinXSPro
computations for the total cross-section. Note the flow in the Q column of 1832.65 cfs. This is much
higher than the NRCS and HecRAS estimates of 1335.87 cfs. Why the difference? The Forest Service
program does not compute composite roughness values. It computes a separate discharge for each
subarea of a given n-value and sums them up. In the table the four subareas are labeled A, B, C, and
D. Subarea B represents the short vertical section of the right bank and WinXSPro does not count that
wetted perimeter roughness at all. (The flow area at stage 6.5, subarea B, is zero.) Nevertheless, when
the program sums up all the subareas it still overshoots the correct value.

As explained above, Mannings equation may not make a very good estimate when overbank flow is
wide and shallow, and subdividing the overbanks from the channel would be an improvement. But
WinXSPro subdivides under all conditions. This is not a good practice, because it is equivalent to
assuming the various subareas of flow are separated from each other by glass walls. Real roughess
elements do not have this restriction. By using a composite roughness, a more physically correct
analysis is possible. The effect of flow turbulence is not restricted within vertical columns but causes
eddys both horizontally and vertically in the flow, which increases flow resistance.

Thus, WinXSPro over-estimates the discharge in this cross-section. The user manual, page 16 (Hardy,
2005) explains that,
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WinXSPRO assumes frictionless vertical divisions (‘smooth glass walls’) between individual
subsections. This assumption of negligible shear between subsections avoids the formidable
task of estimating small energy losses due to friction and momentum exchanges between
adjacent moving bodies of water.

In reality, the physics of flow is very complicated— no doubt about it. But WinXSPRO should have
handled the “formidable task™ by computing composite roughness values.

Practicioners should keep in mind that Mannings Equation produces cross-section averaged hydraulic
parameters. Even more sophisticated procedures such as step-backwater water surface profile compu-
tations (used by HecRAS steady flow) can only approximate the subdivision of hydraulic parameter
values within a cross-section. When using Mannings equation, the best procedure would be to sub-
divide flow sections only when flow in the overbanks is significantly wider and rougher than the
channel.

Both the NRCS spreadsheet and HecRAS steady flow modeling compute composite roughness. In
addition, within the channel they test whether the flow should be subdivided for a better estimate. The
NRCS spreadsheet test is looking for a significant enough side-slope break into the overbank. (In
other words, whether the overbank suddenly widens and flattens with increasing depth in the cross-
section.) The HecRAS Hydraulic Reference Manual explains the testing of that model, stating:

Flow in the main channel is not subdivided, except when the roughness coefficient is changed
within the channel area. HEC-RAS tests the applicability of subdivision of roughness within
the main channel portion of a cross-section, and if it is not applicable, the program will compute
a single composite n value for the entire main channel.

Using the NRCS spreadsheet with the above cross-section, one can see the effect of subdividing the
flow for the left overbank. For elevation 14 the hydraulic parameters are the following:
hydraulic properties for given water surface elevatlon
w.s. elev flow area wetted P hydr. 1ad1us tl:lp'hld‘th hydr. depth n value h da.l'c}'—weis.f‘ cu:lnvej.'ance‘ discharge ) velocity ]

14.00 29572 1103 2681 107 276  0.0439 01149 = 22927 = 1621 548 |

The little red triangles in the upper right cell corners indicate comments that show the user how the
data was subdivided between channel and overbanks. But if one takes the totals into the velocity form
of Mannings equation, the result is less than the 5.48 feet per second shown above.

1.486 o oscrr _ 1486

n
Multiplying by the flow area, the resulting discharge would be 1366 cubic feet per second. In the
above screenshot, the discharge is given as 1621 cfs. Without subdividing the flow in the left
overbank, in this case, the overall discharge would be underestimated by 255 cfs. The following
screenshot shows Excel comments in data cells which provide the user details on the subdivided data.

1/2

V =

(2.681)2/3 (0.005) " = 4.619 feet per second

hydraulic propertles for gwen water surface elevatton

b hl b hl b

w.s. elev flow area wetted P hydr. 1ad1us top “1dth hydr. depth n value darcy-weis. f  conveyance  discharge velocity

a a | | |

14.00 295.?2/ 110.3 2.681 107 2.76 0.0439 0.1149 2292?//162')/' 5.48
left bank station = 45 | :
right bank station = 120 left hydraulic radius = 0.81 left n value = 0.05 —left d'SChE_"QE =48.1 —left velodty = 1.83
channel hydraulic radius = 3.45 |slope= channel nvalue = 0.041  fojchannel discharge = 1573.1 channel velocity = 5.84

left flow area = 26.22 | r——
channel flow area = 269.5 0.00500 | | |

The spreadsheet computes the channel velocity and left overbank velocity separately, then obtains the
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channel discharge (1573.1 cfs) and the left overbank discharge (48.1 cfs). The sum of these two sub-
discharges is the better approximation of normal depth in the cross-section (the 1621 cfs shown). Note
that this example shows the significant benefit of floodplain connectivity for streams. The flow
velocity is significantly lower and less damaging in the rough overbank.

Summary

The physics of flowing water, or fluid mechanics, is a subject of study in civil engineering curricula.
Even though many projects involving streams do not need advanced physical analysis, approximate
methods should be used with care. Interdisciplinary teams working on stream projects often include
biologists and economists who are not likely to have studied hydraulic engineering as part of their
education. The concepts involved in the use of Mannings equation are not difficult, but a good
understanding does require some study and attention to detail. Even engineers may sometimes forget
the appropriate scope for application of technical equations and procedures.

The best advice to apply when determining the adequacy of a Mannings equation estimate would be to
examine physical changes in the reach for the flow stages of interest. The greater the extent that non-
uniformity is observed, the further from reality a uniform flow estimate may expected to diverge. At
least one can in most cases be sure that the equation will overestimate the flow for a given stage
because any non-uniformities in the reach are likely to produce backwater.

The NRCS spreadsheet may be downloaded here:
xsecAnalyzer (web page) or xsecAnalyzer (Excel file)
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photo credit, meandering stream in northwest Iowa (1999). Lynn Betts, NRCS photo gallery,
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