Field Day 2 Presentation Order: Gage Station
River Morphology and Applications

= Cross-sections
o Riffle cross-section
e Pool cross-section

Longitudinal Profile

Pebble Counts
e Representative pebble count
¢ Riffle pebble count

Velocity (Worksheet B-2)
Stream Classification (Worksheet B-1)

= Dimensionless Ratios (Worksheet B-3)
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Tab!e A-7. Procedure to validate hydraulic relations using gage station data from the West Fork San Juan Rwer Colorado

. Obtain the drainage area assocsated with the gaging station.

. Obtain the field-determined bankfull discharge at the gaging station(s) {Figure A-22}.

Obtain the bankf
and velocity).

w M =

Measure the average water surface slope,
Perform an active bed pebble count on the riffle to obtaln D34
Determine the stream type.

Solve for Manning’s “n" at the bankfull stage: n=(1 A9RYSYa) (use the bankfull mean velocity from Step 3).

L N oA

(dbkf) are often used interchangeably when width/depth ratios are greater than 12.
9. Calculate shear velocity: u* = (gRS)%,

10. Ca]culate friction factor: u/u*.
11. Plot bankfull discharge as a function of drainage area on the appropriate regional curve.

using unigue symbols).
13. Plot relative roughness by friction factor (Figure A-16) (Example in FigureA-19),
14. Plot Manning's “n" by friction factor (Figure A-17) (Example in Figure A-20).
15. Plot Manning's “n” by stream type (Figure A-18) (Example in Figure A-21).

ull.channel dlmensgons from the gaging station hydraulic geometry relationships (discharge vs. width, depth, area

Calculate relative roughness: R/Dga, Make sure that Dg4 is converted from millimeters to feet, Hydraulic radius (R) and mean depth

12. Plot bankfull channel dimensions as a function of drainage area on the appropriate regional curve (note stream type of plotted values
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GagmgStatlon Name Wmmmumﬁmeawwm— Gaging Station Number: 69344560-
= e
Drainage | Bankfull | Bankfull B;Anek::” Bankfull { Bankfull A\;.r\ff\;acx';er " Daa Stream | Manning's Re[a}:ive \-/S?ear F;icttion
Disch i : “n” Rou elocit actor
Area |Discharge| Width Depth Area | Velocity Slope D‘;(; Protra| W‘\Type n oughness city
-~ (mi?) Qbkflcfs) | Whie | dpkf(ft) | Apke{ft2) | upks (ft/s) S {ft/ft) (mm) () | O.’Oqg R/Dgq (ft/f1) u* (ft/s) ufu*
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River Morphology and Applications

Second Field Day
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Worksheet B-2. Computations of veIOC|ty and discharge using various methods.

| [ Bankfull VELOCITY/DISCHARGE Estimates_
;{j ite: | MARSH RUN© GifIMES, M| Location:] KEACH 2—
iM"“ Stream Type Fb/ L] Valley Type

Ban kfuII Cross-sectlonal :..’
AREA ;

A PR A

UE

Zyrat .‘. .,...N.z‘... Sl umﬂ;wv:vsv vmg
;_hU
A |
20 |
_Gx,
iy D

Bankfull SLOPE l OJ)OB‘b

|
Nz
3
5
3

T e

Wetted PERIMETER
20t Wag

DA | Shear Velomty
(mi%) . gRS m 3

[2.83+5.66 Log{R!Dg,;} Ju*

1 Friction .
Relative u=
FaCtvoughness o 21,9/

roughness

u=1.4865'R23*s"2m n =[0.048]

| 2. Roughness Coefficient: = 1.4865* R2’3*S1’21n
b) Manning's 'n’ from Jarrett ( usasn n=03953R-16 n =[o.0)tf ]

Note: This equation is for applications involving steep, step—pool high boundary
roughness, cobble- and boulder-dominated stream systems; i.e., for stream types
Al, A2, A3, B1, B2, B3, C2 and E3.

i 2. Roughness Coefficient: - u = 1.4865* R 2/3*g1/2/p

c¢) Manning's 'n' from Stream Type

2 Roughness Coefficient: a) Manmngs n" from friction factor / relatlve ‘

5

n -|0l°5?-

T

3 Other Methods {Hey, Darcy-Weisbach, Chezy C, etc.)

4"55 T

U

i

4. Continuity Equations: a) Regional Curves u=Q/A
Return Period for Bankfull Discharge Q =|v&. | Year*

N A B L e S R e TR S e

4. Continuity Equations: b) UsGs Gage Data u=Q/A

RS

1'3. Other Methods (Hey, Darcy—Welsbach ChezyC etc) L

| 2-’-‘:\

2 4\
'2 {,?o ft/ sec %009
1,Q% |ft/sec LFA

whenﬁ usmg ‘astimation

Optlon

1. For sand bed channels Measure the protrus:on helght“(hsd) of sand dunes above channel bed elevatlons
Substitute an average sand dune protrusion height (hgq in ft} for the Dgs term in estimation method 1.

1| Option

o For boulder-cdominated channels: Measure several "protrusion heights” (h,,) of boulders above channel bed
elevations. Substitute an ave. boulder protrusion height (hy, in ft) for the Dg4 term in estimation methad 1.

the D34 term in estimation method 1.

! For bedrock-dominated channels: Measure several "protrusion heights™ (hy) of rock separations/steps/oints/
1| Option 3. uplifted surfaces above channel bed elevations. Substitute an average bedrock protrusion height (hy, in feet) for

Copyright © 2009 Wildland Hydrology
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River Morphology and Applications /@,ﬁ 2 Second Field Day
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RELATIVE ROUGHNESS: R/D

Ratio of Hydraulic Mean DEPTH or Hydraulic RADIUS (R)
to a Channel BED—MATERIAL SIZE Index (D84)

_'The relatlon of channel bed—partrcle size to hvdraulrc resistance, developed w1th river
data collected from a varlety of Eastern and Western streams

Resrstance factors u/u* and 1/V¥, are shown as a function of Relative Roughness
i.e., a Ratio of Hydraulic Mean Depth (d ), or Hydraullc Radius ( R), to a bed- matenal .
~ size 1ndex ( D84) as taken from fleld measurements (Leopold Wolrnan and Mll[er 1964)

Figure B-2. Relative roughness (R/Dgq) vs. friction factor (u/u*) (Rosgen, 2006b; Rosgen and Sllvey 2007).
B6 Copyright © 2009 Wildland Hydrology
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Reference Notes

Shear Velocity =j} (gRS)

n = Manning's Roughness Coefficient

Shear Stress = YRS A = Cross-Sectional Area
U
“! _]J7 g = Gravitational Acceleration
BQRS R = Hydraulic Radius (Area / Wetted Perimeter )

T { aka. Hydraulic Mean Depth )

u = Mean Velocity (ft/sec)

S = Slope (ft/ft)

Q = Discharge (cfs)
u = 1.4865 (R)**(8)"

<

n
Dg4 = Grain diameter or particle size at
the 84" percentile index Data Point Stream Type
Y = Specific Weight of Water; 62.4 Ib/ft3 cd
Bl
A
{/g = Slug =1.94/ft> Water (1Slug=32.174 Ib) A3, A2
C5
> = Mass Density of Fluid { b/t or slugsfﬂ3 ) Rosgen (Western US)
{ small streams }

Mass Density of Water = 1,94 slugs / ft3

A0 e

09

08 |—

07 iirin i

.06

050
045

MANNING's 'n' Roughness Coefficient

.040
038

030

025

020k
0

2

4

6

After Leopold, 1897, {Data from W.Annable, Ontario, Canada)

8 10 12 14 16 18 20
Friction Factor u/u*

Figure B-3. Friction factor (u/u*} vs. Manning’s roughness coefficient “n” (Rosgen, 2006b; Rosgen and Silvey, 2007).
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Reference Notes Roughness " = 4% (4)(R®) (s) n = 0.398 3R 1°
I R 87y B 83a.12 83a12

R R I Velocity u - LeBRZIST) = 3.81R*°s™ Q =3.81AR™S

= Average Bankful Value for rivers of medium to large size.

S 3 = Average Bankfull Value for smaller rivers with controlling vegetative influence, woody debris and similar high
S B Bt roughness elements.
T N ... =Average Bankfull Value for smaller rivers {mean depth < 5 feef); without controlling vegetative influence
or woody debris.

Figure B-4. Manning's “n” by stream type (Rosgen and Silvey, 2007).

n= ©.0Y8
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River Morphology and Applications : Second Field Day

Worksheet B3. Morphological relations, including dimensionless ratios of river reach S|tes

stream: /1 Arsh Rury / Location: {A/a {tfp/w. [z 67/,,,/4/ ////y.// (ot /

lObservers 7’6?@7 < /" Stream Type: <6/

L

'IMean Riffle Depth dbkf i 7 ft |R|fﬂe Wtdth (kaf) 5\3 {/ : leﬂe Area (Aw)

@teen Pool Depth (dbity) 02,4 {ft___{Pool Width (Wo) (L1, | Pool Area (Ask)

Mean Pool Depth/Mean : ;
Efﬂe Depth ﬂ é) d Poot Width/Riffle Width - / 66 Wi Pool Area/Riffle Area

me Riffle Depth (dmax) £4.: / Max Pool Depth (dma,p) 26

?-?.I.\nax Poal Depth!Mean Rifﬂe Depth Q'g (Q |Potnt Bar Slope , (’) | "
[inner Berm Depth (d) | & it __|iner Berm Wldth.lDepth Retto"“
§Streamﬂow Eettmated Mean Velomty at BankfuIIStage ubkf 5\ q j

Streamﬂow Estlmated Dtscharge at Bankfull S age Qhkf :'J C(

: Meander Length Ratio (Lp twbk,)

|Rechus of Curvature (Re L_ 5951 46 1 55 1t |Radius of Curvature/Riffe Widkh (ReWog) 19 33 /9712, 70
IﬁWtdth (wb“) ' i /g@ /30| 1804t IMeander Width Ratio (WbulWW) | 415 0 5;/',1 }

Ingividual Pool Length 1. 11931 Tad it [Pool Lengtht'Rtf‘ﬂe Width ETR o |

1Pool fo Pool Spacmg | X 0 /(/J Vx4 ift IPooI to Pool SpacmgiRtfﬂeWtdth __,_g,,y"i éﬁ/ é‘{ [
[Riffelengt Lol @5 9ies g [¢59les gt __JRifte LengiRifie width 372.7?"’_2J

m \falle; Slope (VS) l " 00#} 'ftlft Average Water Surface Slope (S) ;,&033 it |Smuosuty (VSIS) e, I
4 wgth Shi Yoo i [Valley Length (VL) i 459 |s|_hpes_tty {SLVL) L7}
Low Bank Hetght starti %, 4

Max Riffle start[/. 7] Bank.Height Ratio (BLR) _ start|3-3_|
(LBHIMax R ffle Depth) end

'lefle S]Dpe(Snf) _ 097 ,ﬂ07 moa7-ftlft B leﬂeS ope!Average Wa er‘Surface Slope (Snfl S). '_
]_Run Slope (Snm) fjﬁ/ |52Q/ ] H __{ fh’ft Run SlopefAverage Water Surface Slope (SmnIS)
iF’ool Slopg_@p) — ‘m .

[Gle S|epe'(s'gj ]

m*&-ﬁm“emm? s

Pool SIopeIAverage Water Surface Slope (Spl 3}
Glide SIope!Average Water Surface Slope (Sg I S)

Max Riffi Deptthean Riffle Depth (s o) Y 7
ft Max Run Deptthean Riffle Depth {dmaxrun f Aikr)
R__|Max Pool Depth/Mean Riffle Depth (dmarp / donr)
ft Max Gltde DepthIlVlean R|fﬂe Depth (dmexgl' doke)

Max Pool Depth (dmaxp)

arVALTIE
| Mex_ Run Depth (dmaeun) iQ-(pio?.L,f; 2/
: ol

% Silt/Clay
% Sand

% Gravel
[% Cobble _
%Boulder |
1% Bedrock i

: .Mln max, mean depths are ave, mld-potnt values except pools Taken at deepest part of poo[ ¢ Active bed of a riffle.

- Composﬂe sample-of-riffles-and-pools-within-the-designated reach: f Height-of roughnessfeature-above bed-

Copyright © 2009 Wildland Hydrology B9



River Morphology and Applications (] ; l ; L@ >< 5 Second Field Day
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Party / Notes:
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River Morphology and Applications

il

Second Field Day

~ SURVEY DATA

= CROSS - SECTION __# |

SITE: Plarsh @un

Tean &

Rifly

Date:{f-30-09
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fl
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FS

Elevation

Ten
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River Morphology and Applications

Second Field Day

SURVEY DATA
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River Morphology and Applications Second Field Day
_ SURVEY DATA ———=—=,> CROSS - SECTION 2 | 202
SITE: Mas [ Lun Team Date: 4~3)- 07
STATION Hl FS |Elevation| [eree |
Jtem ft ft ft ft ft
29| 35 o (0.5,
0| 37 954 %?t
31| 23,0 . weded_edso - REW i
2| 38,7 1863 ‘Ta;ooziigawki& m
31 37.9 8.35 ‘
3| Yo Q.14 4% %}M
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59 _
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River Morphology and Applications

Second Field Day

SITE: Mar<ly Ruin

Location:

Teswn ;‘)\

Party / Notes:

HUC:|

Distance,
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River Morphology and Applications

Second Field Day

SITE: Mawe (A é\fu vy

Location;

_ Party / Notes:

Tf&e. Uil (jl

Distance,
Point, or

STATION

Back-

Height of| -
Instru-
ment

Thalweg _|Water Surface

~ Bankfull

: Low éahk__ HI :

Sight Elevétion: okt
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River Morphology and Applications

Second Field Day

_SURVEY DATA =———— LONGITUDINAL PROFILE 3

SITE: Marsfy fwn

Date: L{r‘ w‘?ﬁ%

Location:

Feppa 4

Party / Notes:

HUG: |

Distance, | Back-

Point, or
STATION

Height of ‘

: Tﬁalweg' |

|Water Surface| ~ Bankfull

|Low Bank HI

Instru-
ment

Elevation

. Fore-

Elevation

ight: -

5 5
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. Elevation! Rgif-ﬂe '
: -t Run
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River Morphology and Applications Second Field Day

 SURVEY DATA ———— LONGITUDINAL PROFILE 4
SITE:_Marvsly @uwr Date: 4-3&0<¢
Location: T Ecima wl - _ .
Party / Notes: HUC: Ll ) . .
Heightof| - Thalweg ~ |Water Surface| - Bankfull - |Low Bank HI|[NOTES]
Distance, | Back- | Instu- [ Fore- 1. . - re- |, '
Point,or | Sight | ment | gjgnt Elevation Sight
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Site: Mash Kl @ CGrres, M . Date: 4!30(00( T RFFLE (1) . PooL (2) il comPOSITE (3)
Locatlo_n‘_ F’%‘E‘&L\-\ 2 moc O LI\ D010 ] Reach: Reach; Reach:
Party: ~ A Dot Couwnt for Date: Date: Date:
Inches PARTFEEE Millimeters | § IF;FLE%; PO?OL G" CO%"IP' TOT# |ITEM %% CUM]| TOT# [ITEM %|% CUMI TOT # |ITEM %| % CUM
Silt / Clay < 062 S/IC| = s \ \2- AR
Very Fine .062 - 125 % 3
Fine 125-.25
Medium 25 - 50
Coarse S0-1.0 3 ' ‘3 \ Z
04-08 | VeryCoarse | 1.0.2 : :
08-.16 | Very Fine 2-4 3
16- .22 Fine 4-57 N [ ]
2231, Fine 57-8 § o i
31-.44 Medium 8-113 i ‘i | i 2
44 - 63 Medum | 11.3-1
63-.89 Coarse 16-226 i ) 2
89-13 Coarse 226-32 i: 5
13-18 | VeryCoarse | 32-45 u 1 | ¢
18-26 | VeryCoarse |  45-64 i : \ |
25-35 Small 64-90
35-50 Small 90-128 P Y yA
50- 7.1 Large 128.- 180 SN 2 I 3
7.1-10.1 Large 180 - 256 T 3 3 A
10.1- 14.3 Small 256 - 362 " ! \ 1l
14.3- 20 Smal 362-512 5.
20- 40 Medium 512- 1024 . :
40-80  |[Large-Vry Large| 1024 - 2048 ; : :
Bedrock DRE B - 19 4 :_gz 1 15 S 8&
Stream Type: F\{[, | valley Type: VTN TOTAL—»| Yo 40 [bo
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LE]

ﬂfFFf;

14

site: Mawsh Ben @ Giarnes, M

i

. RIFFLE (1) -

Location: RERGA Z Hue:L.9. ) | Reach:
Party: T EAM 2. Dot Cowurt for Date:
Iniej T‘DARTICLE Millimeters RIE}FLE ’ POQOL WS 0k TOT # [ITEM % % CUMI| TOT # {ITEM %1% CUM{_TOT # |ITEM %| % cum
Silt/ Clay <062 S/G I : s
VeryFine | 082 125 h_, wanlcS |
Fine 125-.25
Medium 25- 50 E ;
Coarse 50-19 E E
04-08 | VoryCoarse | 1.0-2 5
08-.16 Very Fine 2-4 :
6.2 Fine 4-57 E
22-.31 Fine 57-8 :
31 - 44 Medium 8-113 ! il ] |
44-.83 Medium 13-16 " l
63-.89 Coarse 16-226 . | } |
.89-13 Coarse 226-32 ‘. IE 3 ' l l I g ""
13-1.8 Very Coarse 32-45 -3 ; 1N 5 3
1.5-25 Very Coarse 45-64 :3 ; M I l 2 ;—
25-35 Small 64-90 UM LHT T ) Y
35-50 Small 90- 128 oYU LT 16
50-7.1 Large 128- 180 LWttt o 29 il
74-104 | Lamge 180 - 256 A T ATV &)
10.1- 143 Small 25632  [ifBhE Ll 11 F 2
14.3- 20 Small 362-512 a0l P 3
20-40 Medium | 512-1024 (3D f
40-80  |Large-Vry Large| 1024 -2048 @LF; ! i
Bedrock BDRK A EIm S : el
Stream Type: F\/b Valley Type: NN TOTAL—»! |0D

suonoijddy pub Abojoydiow JonY

®

Apq pjaid puodas



River Morphology & Applications Calibrating Bankfull Discharge

) Step 14
- Summarize USGS gage data:

= {Period of Record

- [Drainage AREA:
‘g‘iﬁference REACH SLOPE lo

; R T R B e g e, N S R e e v

W 0.0
| [Bankiun MEAN DEPTH (@wel] [ & !
(. |\ [Bankiull Xsec AREA (Aw)|[32. O] % |
| Wétted PERIMETER (wp) | ||| Wetted PERIMETER (W) [23. 2

l'-If'cir!l‘:fu!! STAGE (Gage [ Zas |t | FnkfuﬂSTAGE (Gage Ht)ﬂ Gl r b
i’fEst Mean VELOCITY W 248 IstecE; Mean VELOCITY () 1 1, ,
fESl BKf. DESCHARGE {Qm); 5’> 3| cfﬂ 1Bankfu||DISCHARGE(Qm)i {r s

] : ~. =

Based on USGS Discharge Summary Notes data {Form 9-207) and regression analyses of measured
discharge (Q) with the hydraulic parameters of Width (W). Area (A}, Mean Depth (d) & Mean Velocity
(u}, determine the intercept cosfficient (a) and the slope exponent (b) values for a power function of the
form Y = axt, when' Y xs one of the selecied hydraul‘c parameters and X is a gwen discharge value {Q)

: [ Wicth (W) Depth (d) Area (A) Ve!ociiy(u
Intercept Coefrment a) iq LH(,@ 0, ‘-h,,\? 3, gagg 9,

;1 Slope Exponent b) lO,l‘i 69

0 o Coeffil:
=

"n" =1 4895 [(A rea ) ( Hydraullc Rad;us ) (Slope)“z] / Qw

e e e S T B P e e
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