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River Morphology & Applications
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River Morphology & Applications
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River Morphology & Applications - Second Field Day Instructions & Forms
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Worksheet B-4. Procedure to validate hydraulic relations using gage station data.

1. Obtain the drainage area associated with the gaging station. 4 5 ~Sfrom VsGs ra

3. Obtain the bankfull channel dimensions fr

. Measure the average water surface slope. @'00,?5 ('efack 4/ )

. Perform an active bed pebble count on the riffle to obtain Dgy. ng = j38 = .5 !}{é g ﬁfﬁ'}CL L,

4

5

6. Determine the stream type. D50 = /0(/ 0.3 C/{ VA

7. Solve for Manning's ' at the bankfull stage: n = (1.49R735Y2)/4 (use the bankfull mean velocity from Step 3). &.0O 5 3
8

. Calculate relative roughness: R/Dga. Make sure that Dg
(dpk) are often used interchangeably when width/depth ratios are greater than 12.

}
9. Calculate shear velocity: u* = (gRS)"2. V.:- Jﬂ RZZS 5/Z
N

10. Calculate friction factor: G/u*.

11. Plot bankfull discharge as a function of drainage area on the appropriate regional curve.
12. Plot bankfull channel dimensions as a function of dra

13. Plot relative roughness by friction factor (Figure B-34) (Example in Figure B-39).
14. Plot Manning's ‘n’ by friction factor (Figure B-35) (Example in Figure B-40).
15. Plot Manning's '’ by stream type (Figure B-36) (Example in Figure B-41).

.,

2. Obtain the field-determined bankfull discharge at the gaging station (Figure B-43). 7% e o/an['a P* op Rfé CUTV@

om the gaging station hydraulic geometry relationships (discharge vs. width, depth, area
and velocity).

is converted from millimeters to feet. Hydraulic radius (R} and mean depth

] 1 inage area on the appropriate regional curve (note stream type of plotted values
using unique symbols).

Gaging Station Name: Gaging Station Number:

Drainage | Bankfull | Bankfull Bankiull Bankfull | Bankfull Ave. Water

Mean Surface D Stream Mannin ;s‘n' Relative Shear Friction
Area |Discharge| Width Area | Velocity o Type . ng: | Roughness | Velocity Factor
Depth Slope 5.-}6 SERRE 1
{mi?) Qpielcfs) [ Wpir | dokrift) | Apif (1t | T (Ft/s) S (ft/f) (mm)  (ft) f’/ﬁ[ng} (Ft/ft) u* (ft/s) Ju*

/4.9 7?’ -2 LI 145|349 | z.eqlo-c0lsq i | 51| Cfs 033 511,93

0/u
515

R=n43 /o303 E -0 4,325 4.3
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RELATIVE ROUGHNESS: R/Dgy

Ratio of Hydraulic Mean DEPTH or Hydraulic RADIUS (R)
to a Channel BED-MATERIAL S!ZE index (Dgy)

100

The relation of channel bed-particle size to hydraulic resistance, developed with river
data collected from a variety of Eastern and Westemn streams.

Resistance factors, Gfu* and 1/Y¥, are shown as a function of Relative Roughness;
i.e., a Ratio of Hydraulic Mean Depth ( d ), or Hydraulic Radius { R), to a bed-material
size index { Dy ), as taken from field measurements (Leopesld, Wolman and Miller, 1964).

e Refsrance Notes
:;: u"= Shoarvelocty =7f(gRS) N = Manning roughness coaiclent 0 = Meaan valooy (isec)
™ T = Shear stress E YRS A = Crosa-sactionsl area $ = Slope
& %. 1 - N7 9 = Gravilzional acceleration Q= Dischargs (ch)
™ [ bR R = Hythauc radhss { aten Fwelted perimetet ) a= 140 RS
= d ‘ { ska. Hycaubc Moan Depth T —
2 N . i
Jo—4 Dgy = Grain diameter of particle size at
% \ the 84 percantie index [ Data Foint | Stmem Type
8 ! ¥ = Specifc weight ol waler, 624 B/ el e
20 y @] B3
E \ Y= sig = 19418 woter {15hg=12174 1) A A3 A2
£ ! Q ]
'E, \ P = Mass density of fuid ( W/ o shugat ) | caman-| BosgenObeiemus)
2 \ Mass density of waler = 5,94 shugs / 1} Cmall streams | J
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Figure B-35. Friction factor (0/u*) vs. Manning’s roughness coefficient '’
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Figure B-34. Relative roughness (R/Dg4} vs. friction factor (a/u®).

Figure B-36, Manning's'n’ roughness coefficient by stream type,
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River Morphofogy & Applications Calibrating Bankfull Discharge

Step 11
Summarize USGS gage data:

AT T R L S o T Rt B i AR AR R

R e I %ﬂmﬂ%ﬁ%&.ﬁ.f PR B o o DA R T T rE PR it
S m:BEm..< o* Cmmw Qmum mﬁmn_o: Data .
fStation Name: | M APGr rim TStation Number: .‘....;,‘.‘_,!(.\;m .m,w
Station Location: lov s@\.h c ?: , :& ,wm _um_._oa of Record: _ pm O s B
: qu,_qmmm >qmlm M.Dh‘; m S acres \ _.:_w _ ._u _A. Mean Elevation: | . .
Stream Type: LGl | [Valley Type: LYl [Mean Annual Disch:]
mmﬁmazom Reach Slops: Q. ft/ft HHUC: ol|l2lo |3 .QI. [N
AT T B P R 5 O P b A e A
n _ W)zx_uc_._u OIE._.mw_m._._om L e
Determined wﬂ...“:,_"_m.._.o :gmcmmgmzﬂ B Determined from GAGE DJ o»; >zru_‘-¢m,-*w, T
] mm.m_,mm__ <<_o=: A<<%vi. R [ I ,mﬁaﬁc__ E_mﬁwaaﬁ%v N,\ m _
_w.m_”_‘_mwc_._.z_mm: Dmu.ﬁ,: Emi T iam : mmzﬁc_“ E_mm: W,anrram& \ ,m “M _
“Bankfull XS Area (Au) e | mmsac__ XS Area (o) E:
T Wetted _um_._EQmZ v T R I <<m=ma _um:Bm:.mﬂ (W) n m
mm:xE__ Stage (Gage IC . ﬁ o szﬁc._ wﬂmum am@m%r.ﬂ vaf.:.‘Nm __ %‘«m T
Est. Mean Velocity () [ ft/sec _<_mm3 Velocity () T 7 |
Est. BKF. Ummo:m,ﬁm (Qox) cfs w.m:_oac__ U_mgm_.nm Amugv -.N ﬂo*.m,‘h
wm:_a“c__ Discharge associated <<=: "fi m_a.amﬁm_._d_:ma.. mm:_ac__ m_m@m “ofs
4 . mmocqm:nm __.;m_dmw (R. _ ) associated with "field- nmﬁmﬁa_:m%. Bankifull mﬁm@m ] = Tiyrs
From =_m ha::ﬂ Peak Flow mﬁmnamanwham?ﬂm for :.m Ommm Station ..QMmeV_:m b
; A 5 Year R.I, D_mo:m_.mm = cfs ._o <mmn R.l D_mo:m_‘@m = NHW" Teks w
"2.0 Year R, _u_mn:m_.m_m = s Mm Year R U_mo.:ma_.ﬂmfm:m..; U5 s b
m.ci,amm_lﬂ_ U_mo_..mu.m_m =] /o ;nw IR mo <mm2~_ U_mo_._m._.@m = | c G |
MEANDER GEOMETRY ,, -
B _._:mm_‘. Wawelength .ﬁC ( / ft ; mﬁﬂmmy.imm:amﬂ rm:mﬁ: Fav K h\ ) m - wu
“Radius of Curvature Am&. .&. T BB Bokt width Aég.v | \ “Twm

I<U_~>C _u_O QmO_sm._._N<

= T R N AT

mmmma on USGS Discharge mc_SBmc\ Notes data ( Form 9- mo.\. ) and regression analyses of measured discharge (Q) with m
the hydraulic parameters of Width (W), Area (A), Mean Depth (d) & Mean Velocity (@), deterrrine the infercept coefficient i
{a ) and the siope exponent (b ) values for a pow er function of the form ¥ = aX?® when Y is one of the selected hydraulic }

parameters and X is a given discharge value {Q).

\Width (W)|Depih (d] Area (A) | Vel. (@) |k
Intercept Coefficient (@) %930 0:33H3.3 15410.279 .
% Slope Exponent by 1o, ‘ L410.3% m..\_i 0. %N : ,,w_ﬂ

Hydraulic Radius: R=A/W,| }, 3 ft Manning's 'n” at Wm:xe__ m;m@ )
= 1.49 :_pamv :._Eac__n Radius??) (Slope")} / Quks

Copyright © 2014 Wildland Hydrology _ D21



Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Marsh Run, Reach - Reach 4

Basin: Drainage Area: 12486 acres 19.51 mi
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments {Lat./Long.): 0 Lat/0 Long Date: 047114
Observers: Valley Type: VllIb

Bankfull WIDTH (W)
WIDTH of the stream channe! at bankfull stage elevation, in a siffle section. 19.26 |ft

Bankfull DEPTH (dp)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dyk = A / W 1.75 ft

Bankfull X-Section AREA (A,,;)
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. ww-m .—"ﬁm

Width/Depth Ratio (W ! duk)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffie section. 11.01 |fUft

Maximum DEPTH (d, k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 2.48 ft

WIDTH of Flood-Prone Area (W..)
Twice maximum DEPTH, or (2 x dpuie) = the stagefelevation at which flood-prone area
WIDTH is determined in a riffle section. 231.2 it

Entrenchment Ratic (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (W, / W)
{riffle section). 12 ft/ft

Channel Materials (Particle Size Index ) Dy,

The Dy particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 2048 mm

Water Surface SLOPE (S)
Charnel slope = "rise over run for a reach approximately 20-30 bankiull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfuli stage. . 0.00158 |fuft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by vailey length (SL / VL); or estimated from a ratio of valley slope divided by

channel slope (VS / S). 1.186

Stream

c1
Type —

(See Figure 2-14)

Copyright © 2006 Wildland Hydrology WARSSS page 5-29



Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and

i

TG H T

—:

—

-

o

1
xrmllmllelmm

LI B TH LLE T IR T AT I T

B i Fer sand-bed channeb: Measure 100 "protrusion heights™ of sand dunes from the downstream side of featre to the tap of
Optian 1. feature, Substitute the D4 sand dune profrusion height in fi for the Dy, term in method 1.

i

HiTH

[ETHIHON

. For boulder-dominated channels. Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top
Option 2. of the rock on that side. Substitute the Dy, boulder prorusion height in ft for the Dg, termin method 1.

) For bedrock-dominated channek: Measure 100 "protrusion heights" of rock separaions, steps, joints or uplifted surfaces
Option 3. 3pove channel bed elevation. Substitute the Dy, bedrock protrusion height in ft for the Dy, term in methad 1.

ESSFRITRTH AL

3

R For log-influenced channek: Measure "protrustion heights” properionate to channel width of log diameters or the height of
Option 4. ¢ fog on upstream side if errbedded. Substitute the Og, n height in ft for the Dy, term in method 1.

minm e,

River Stability Field Guide page 2-41
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Worksheet 54. Morphological relfations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen,

2008).

Stream:  Marsh Run

Location: Reach - Reach 4

QObservers:

Date: 04/17/14 Valiey Type: Vllib Stream Type: C1

PR Riffle Dimensions®

L Riffle Dimensions® ™ »*

~Min: " TMax -
—x_i_m Width (W ) 25, u ift _m_am. Cross-Sectional Area (A y) ({5 i 32.80 m 33.80 | 43.62 _
[Mean Riffle Depth (d ) 1.76 [t [Riffle Widtr/Depth Ratio (W b / du} | 12.80 | 11.01 | 14.60 |
[Maximum Riffle Depth (d max 2.76 |t [Max Riffle Depth to Mean Riffle Depth (d max/ du) | 1.506 § 1.417 | 1,695 |
_<<_a5 of Flood-Prone Area (W ) 23 mz _maazosama Ratio (W 5 / W) m 9.943 m 7.881 _m ._M.QE
[Ritfte Inner Berm widih (W ) 17.3 [t |Riffle Inner Berm Width to Riffle Width (W 1,/ W) | 0.731 | 0.685 | 0.777 |
_x_m_m Inner Berrm Depth (d ) 0.77 wn _mmam Inner Berm Depth to Mean Depth {d i, { dew) _m 0.362 m 0.279 m 0.444 _
[Riffle Inner Berm Area (A 5) 13.3 {42 |Riffle Inner Berm Avea to Riffle Area (A 1/ An) | 0.261 | 0.217 | 0.304 |
_mim Inner Berm W/D Ratio (W, { dip) 30.6 m _ m _m w _

L Cpogl Dimensions® *: .. :Pool Dimensions & Dimensionless Ratios™" " . Mean. _Min' __ Max
Pool Width (W ye) ! 8| 21.1 it [Pool Width 1o Riffle Width (W ey / Wos) {1,037 | 0.977 | 1.007 |
w [Mean Pool Depth (d ) | 2 }2.06 i [Mean Pool Depth to Mean Riifle Depth (d uy, / o) | 1.160 m 1.143 | 1.177 |
W __uoo_ Cross-Sectional Area (A ) m 38.7: 422 Tﬂ _voo_ Area to Riffle Area (A pugp / Apkr) m 1. i 1,144 “, 1.249 _
.m ._z_mx_aca Pool Depth (d maxp) _ 2.68 | 2.95 ft [Max Pool Depth to Mean Ritfle Depth (d asp ! dex) {1 1.531 | 1.686 |
m [Pool Inner Berm width (W ) 14.9 | 16.5 ft |Pool Inner Berm Width 1o Pool Width (W g/ W) | 0. 0.735 | 0.794 |
B | [Pool Inner Berm Depth (d p) 0.66 1 0.72 it |Pool Inner Berm Depth to Pool Depth (d up/ dus) | 0.340 | 0.330 | 0.349 |
nm. __uoo_ Inner Berm Area (A o} ._o.mm 10.8 m,zu Pool Inner Berm Area to Pool Area (A inp £ Apiep) m 0.261 m 0.243 ““ 0.278 _
L__uo_a Bar Slope (S ) 70.000]ft [Pool Inner Berm Width/Depth Ratio (W ./ do,) | 22.129] 20.752] 23.506]

e Dimienisionless Ratios™** ) Min" " Max:
W _xrs Width (W o) m _m_s Widith to Riffle Width (W s / W) | 1.105 | 1.032 | 1.178 |
.m [Msan Run Depth (d i) i |Mean Run Depth to Mean Riffie Depth {d uur/ o) | 1.097 § 1.086 | 1.103 |
m _m.._: Cross-Sectional Area (A pr) m _zc_._ Area to Riffle Area (A o/ Apkr) w 1.208 m. 1119 _m 1.296 _
m [Maximum Run Depth {d max) 2.9 [t |Max Run Depih to Mean Riffle Depth (d e/ dy) | 1.520 | 1.383 | 1.657 |
m:m:: Width/Depth Ratio (W yg/ o) n ] P

Glide Dimensions & Dimensionless Ratios Mean ' Min-~  Max:
{Giide Width (W4 Glide Width 10 Riffle Widh (W g / Wgg) | 1.307 | 1.207 | 1.408 |
[, |[mean Giide Depth (d ) 1.27 ift |Mean Glide Depth to Mean Riffle Depth (d ny/ due) | 0.674 § 0.623 § 0.726 |
. m [Glide Cross-Sectional Area (A ug) 29.7 [ft |Glide Area to Riffle Area (A g / A} { 0.877 { 0.876 } 0.878 |
m [Maximum Glide Depth {d maxg) 1.81 [t |Max Giide Depth to Mean Riffie Depth (d mex / doxd | 1.000 | 0.960 | 1.034 |
m {Glide Width/Depth Ratio (W by ! i) 24.9 {fun [Glide Inner Berm Width/Depth Ratio (W e/ ding) | 0.000 | 0.000 | 0.000 |
B __o_am Inner Berm Width (W o} 0 ift [Glide Iner Berm Width to Glide Width (W u/Wes;) | 0.000 | 0.000 | 0.000 |
© | Giide Inner Berm Depth (d ) 0 !t |Glide Inner Berm Depth to Glide Depth (d iy / dnu) | 0.000 | 0.000 | 0.000 |
- _m_am Inner Berm Area (A i) 0 mnu _O__nm Inner Berm Area to Glide Area (A jpg / Agg) m 0.000 “_ 0.000 m 0.000 _
[ )/ ax - Step Dimenaions™ - w=Z- Maan = Min'; L--1--Stap Dimensionless Ratios™™ - - . Max
[Step width (W) ol o | ['Step Width to Riffle Width (W oy, / Waa) | 0.000 ] 0.000 |
¢ [[Mean Step Depth (d ) [ 0 0] [Mean Step Depth to Riffle Depth (d pigs ! o) { 0.000 | 0.000 | 0.000 |
..m H_mﬁmu Cross-Sectional Area (A ps) m 0 m 0 m. _wﬁmu Area fo Riffle Area (A s f Apkr) m 0.000 "“ 0.000 w 0.000 *
”__smx_.ac:,_ Step Depth (d naxs) mq 0 m 0 m _?__mx Step Depth to Mean Riffle Depth (0 maxs/ O m 0.000 “. 0.000 m 0.000 _
[step widthiDepth Ratio (W pi/dues) | 0 | 0 | ! _ ;

__/

*Rifffe—Pocl system (i.e., C, E, F stream types) bed fealures include riffles, runs, pocols and glides.

**Step—Poo! system (i.e., A, B, G siream types) bed features include riffles, rapids, chutes, paals and steps (note: include rapids and chutes in riffle category).
“**Convergence-Divergence syslem (i.e., D stream types} bed features include riffles and pools; cross-sections laken at riffles for classification purposes
*Mean values are used as the normalizaticn parameter for all dimensionless ratios, e.g., minimum poal width to riffle widlh ratio usestian riffle width value.




Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2007; Rosgen, 2008).

Stream: Marsh Run Location: Reach - Reach 4
QObservers; Date: D4/17/14 Valley Type: Viiib Stream Type; C1
‘W, v . River Reach m::_:._mé_ Data.....2 . IR o
..m T.Bma__oi. mmzamﬁa Mean <m_on;< at mw:_&c_. mﬁnm [T “ “E.mmn _m”q.zam:or _,_._...u»_._oa . " continuity _
W.Wnammaaniu Estimated Discharge at Bankfull Stage {(Q ) m 78 mﬂm _D_.mm_._mcm Area m 19.51 m _
. . Cwn M
_E._mmﬂ Wavelength { 1) __._:nmﬂ Wavelength to Riffle Width ( A/ W) m 14 B49 m 8.463 m M._.Nou|__
._m#mmB Meander Length (L ) m 2344 umz.mms Meander Length Ratic (L. o/ W) m 17.861 " 17.861 m 17.861 _
m _mmn__cm of Curvature {R ) m 158 _mmn_:m of Curvature to Riffle Width (R ./ W) m 8.178 m 4102 m 6127 a
b _mms Width (W o) I 130 1 _z_mmzn_ﬂ Width Ratio {W o/ Wey) i g724 | 4984 | B.463 _
m |Arc Length (L ;) 192 133§ 251 it |Arc Length to Rifle Width (L ,/ W) | 9.969 ! 6906 | 13.032 |
5 | [Rime Length Ly {145 10.5] 18.4 [ft  |Riffie Length to Riffle Width {L ,/ Wy | 0751 ; 0547 | 0954 |
__aza:m_ Pool Length (L ;} ! 24.4113.71 33.8;ft __:n_.sn_c..._ Pool Length to Riffle Width (L ,/ W) ! 1266 | 0711 | 1756 _
L __uuo_ to Pool Spacing (P,) | 73 | 28 m 105 jft __uoo_ to Poo! Spacing to Riffle Width (P / Wi) m 3791 m 1.972 | 5471 _
) _<m__m< Slope (S ,a) m 0.0019 mn..i _><ﬂmmu ‘Water Surface Slope (S) m 0.00158 .“25 _mwncom_q 5/ S) 1.186 _
[streamtength(sL) i 344 I [valley Length (VL) ! 280 it [Sinuosiy (SL/VL)  1.1862069 |
Low Bank Height start! 2,69 Max Depth starti 2,36 ift Bank-Height Ratio (BHR) start; 1.13883056
(LBH) end! 1.94 {dmax) end} 1.94 ift (LBH / drmyi} end 1
i Facet Slope Mo : Dimensionless Facet Slope Ratlos -~ -~ ~ - :Mean.. “Min ‘Max
_mﬂ._m Slope (S ) _o 010;0.005! o o1 m. _m_n_m Slope to Average Water Surface Slope (S ;/ S) “ 6.582 m 3.228 ._ 9.930 _
2 ?c: Slope (S ¢a) mo.ooﬂ wo.oo._ Mobo._m.mc.: _mc: Slope to Average Water Surface Slope (5 un/ S) n 0.639 m 0.348 0.930 _
W _voo_ Slope (5;) ““o.oc._“"c.oo._ mo.oc._m?.z __uoa_ Slope to Average Water Surface Slope (S ,/ S) ". 0.557 “. 0.380 0.734 _
: m _O_Em Slape (S ) mo.co._m.o.cc._ mo.cci?i |_o=am Slope to Average Water Surface Slope (5 5/ 5) " 0.500 “ 0.411 0.589 _
m _mﬁm_u Slope (5;) _o ooo o ooo 0. ooo il . _mﬁmv Slope to Average Water Surface Slope (S " " 0.000 _
i T Dimsesionies Dot b eant oM M
Max Riffie Depth (d gy | 2.02 ] 1.67 | 236 fft  [Max Riffle Dapth to Mean Rifle Depth (d mow/ d) | 1.1542857 | 0.854285714 | 1.3485714 |
[Max Run Depth (dmpmrin) | 2.08 | 1.82| 2.35 [t |Max Run Depth to Mean Riffle Depth {d pewn/ du) | 1.1942867 | 104 | 1.3428671 |
[Max Pool Depth (d map) 2.76] 213 | 3.42jft  |MaxPool Depth to Mean Riffle Depth (d ners /dud | 1.5771429 | 1217142857 | 1.9542857 |
[Max Glide Depth (d masg) Max Glide Depth to Mean Riffle Depth (d e/ d) i 1.0114286 | 0.965714286 | 1.0857143 |
L _z_E Step Depth (Gpme) | _z_mx Step Depth to Mean Riffle Depth (d ma / Do) 0 0 0 _
LR el “Reach® " Riffie® _ Bar . - "~ m..on.:..._o.:.ta_ni o
ﬁ % SilWClay i £7.85 9.46 | | 53.64 imm ]
8| [% sana ! ! Bedrock | 250.71 85.13 imm |
. m [ Gravel | Dy | Bedrock | Bedrock 106.89 imm 3
.M. Tm_ Cobble “ 10.2 “ 15.25 " Deq “ Bedrock “ Bedrock i 175.05 imm _
E [+ Bouider NECIREEERE Des | Bedrock | Bedrock | 237 imm |
,W [%% Bedrack i 7245 | 6271 | Do | Bedrock | Bedrock m 361.99 imm |

& at the tail-out of glides.

* Min, max & mean depths are measured from Thatweg to bankful al mid-point of feature for rfffes and runs, the deapest part of pools,
“ Compasite sample of riffles and pools within tha designaled reach. “ Active bed of a riffle. 4 Height of roughness fealure above bed.
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