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SAMPLE ROUGHNESS COEFFICIENTS FOR USE IN DETERMINING
MAXTMUM FLOW IN WESTERN OREGON STREAMS

Introduction

In designing forest roeds, logging engineers must select the
proper sige culverts to handle stream flow, Culverts too small
to carry the expected flow (called the design flow) may wash out.
This may require additional expense in replacing the culvert and
fi11, Culverts too large for the design flow will tie up money
that might betitsr be spent elsewhere. Determination of the optimum
size culvert should be reduced to a mathematical procedure that
eliminates over or under-design, This requires (1) determination
of the design flow expected from the stream and (2) determination
of the culvert size to handle this design flow.

Tables and graphs published by culvert marmufacturers show
the quantity of flow & culvert cen handle (1, p. 193-2h1).
Therefore the problem is determination of the design flow ex-
pected from the stream, A techmique of determining a unitgraph
may be used to arrive at the design flow if enough years of stream-
flow and rainfall records are available (3, p. 134-159). However
net enough records are aveilable to build unitgraphs on small
watersheds (7). Instead, logging engineers have had to resort to
less scientific means.

One of these methods is the m of Talbot's formula., Talbot'ls

formula empirically predicts streamflow by measurement of the
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vatershed area and estimation of & coeffieient (1, p. 194~195). This
has not proved toc successful in practice duve to the wide variation
in coefficients between adjacent watersheds (8, p. 209).

A more rational approsch is achieved by use of Marming's formula
(1, p. 209) which determines actual flow by messurement of three
factors and an estimate of another, Mamnning's formula states that:
Q = A ,;,,g, . 2/3 1/
where Q = discharge in cubic feet per second.
A = cross sectional ares of flow in square feet.
R = mean lmlruuiin redius in feet,

-

; A o
wetted perimeter in feet.
8 = slope of water level in feet per foot.

n = goefficient of roughness of the wetied
perimeter.

Iogging enginsers obtain these stream measurements at selected points
that show indications of previous high water and then compute the
high water flow. This high water flow is used as the design flow,
Thie technique is open to one major eriticism, No one has yet
determined the relation between indications of pravim high water
and sny selected design flow. |
The only estimate required in Manning's formula is the roughness
of the stream bottom (n), This estimate can be important, In ome
sample problem, the roughness coefficient was varied from 0.0k to
0.10. This is not an uncommon variation in roughness for stream
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bottoms in Western Oregon. Assuming a 0.0 Mghness coefficient,
@ 54 inoh dismeter culvert would have been required to handle the
high waﬁer flow, Increasing the roughness coefficient to 0.10
reduced the culvert diameter needed %o L2 inches. The variation
in culvert size becomes even greater with large streans,

Previous experimentsl work in determining this roughness
coefficient has been done on canals and on streams that may not
be similar to Western Oregon streams (2,5 and 6). Two of these
~ references (5 and 6) contain photographs that illustrate varicus
roughness coefficienta.

Objeciive

The objective of this thesis is to experimentally determine the
value of stream bottem roughness coefficients of sample streams in
Western Oregon and to mmnt/ photographs of the stream bottoms with
their corresponding roughness coefficients,

Sixty-five Western Oregon stresm spots were selected at which
the stream bottom material remained consistent for a five to thirty-
foot reach up and down stresm., Representative stream bottom types
were selected whensver the materisl forming the bottom seemed to
differ enough from previous types to possibly cause & veriation in
‘the roughness coefficient, If possible, each type was sampled at
three stream spots, Stream spots were located in the ﬁo&p Creek



and Oak Creek drainages of 03C's MeDonald Forest, the Rock Creek
drainsge of the City ox' Gorynlli-' vatershed and in the South

Santiam drainage.

This is not e wide distribution nor does it sample

all the possible variation in Western Oregon stream bﬁttm. The
sanples do represent stream bottoms commonly occuring in Western
Oregon's forested watersheds; md, therefore, the results should
be of some use fao logging engineers.

Each stream spot was photographed at low water level to vilmlly

indicate the charaster of the stream bottom.

spots, the roughness coefficient of the stream bottom was determined
by solving the following formula (3, p. 266).

(i) -(219)

At each of thuo stresm

FAE
7= [ABG A £
W
vhere n = roughness coefficient of the stream bottom.
Ry = mean hydrsulic redius of downstream and upstream
cross sections.
8 = slope of bottom of channel in feet per foot,
B = ratio of the mean of the squares of the velocities
divided by the squere of the mesn velosity.
Subsoript 1 refers to upstream cross section;
subsoript 2 refers to downstream cross section,
v = mean veloocity of the cross section.
€ = 32.16 feet per sesond per second,
d = depth of water at cross section in feet.
L = length of resch in feet,
Vm = mean of mean velocities at upetnm and downatresm

erose pections.

" The measurements used to solve the formmla were taken at high water

level since the logging engineer would be interested in nppraiiing

the roughness coefficient m% affects high water rle
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At high water, two cross sections were established at the ends
of a straight length of stream that provided visual indications of
steady flow, Steady flow was sssumed in derivation of the roughness
coefficient formula, Visual indications of steady flow ere gradually
accelerating, gradually decelerating or uniformly flowing bodies of
water with streight free surfaces, Each set of data was tested
mathenaticelly for steady flow after the measurements were made. Of
the 65 stream spots located during low stage, only 4O gave indication
of steady flow at high water,

Each oross section was established perpendicular to the flow
by cculsr estimation, AL each cross section, a straight, wooden,
2" x Li* plank was placed across the stream. The plank's ends were
leveled to the nearest hundreth of a foot by a dumpy, wye or hand
level using correct surveying procedures, The elevation of the
bottom of the plenk was referred to as the bench mark (B, M. in the
date sheets). At 0,20-foot intervals slong the plank, lines were
drawn perpendicular to the plank's long axis.

4t each of these marked intervals, a pitot tube was lowered
vertlcally by aligning the tube with the lines marked on the plank,
The pitot tube consisted of a "kinetic" tube facing upstream and a
Rstatic® tube normal to the direction of flow and flush with the
tube's head, (For details on pitot tubes, their construction and
operation refer to 3, p. 108-113). The tube's coefficient (Cy)
was 1.00, OSections of the "kinetic® tube and "static" tube were made
of glass and joined at the top to & clamp valve to allow evacuation,
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When the tubes were slightly evacuated, the differential height of
the water could be seen.

Marks were made along the edge of the pitot tube to allow
measurement of distances along the length of the tube to hundreths
of a foot. By Mﬂm the pitot tube vertieslly, the vertical
distance below the bench mark to the stream's water surface was
measured to the nearest hundreth of a foot, This measurement was
recorded on the data sheet as shown on page 12, Then at 0.10-foot
intervals cccuring at exact tenths of a foot below the bench mark,
the differentisl height of the water in the two tubes was measured

- to the nearest hundreth of a foob with a plastic seale and recorded
on the ﬁata sheet, The vertical distance to the boltom of the stream
was noted to the nearest Wmmkaf a foot and indicated by the
position of the letters "Bita® on the data sheet, At the cross
section's deepest depth, the vertical distance was measured to the
nearest hundreth of a foot and noted on the data sheet (the figure

- below the deepest "Bim® notation).

e horisontal distance along the stremm's centerline between

the two cross sections was measured directly with & metallic cloth
tepe to hundreths of a foot., This read&ng was recorded on the data
sheet, The difference in elevation between the upstream and downe
stream bench marks was determined to the nearest hundreth of a foot
with a rod and wye, dumpy or hand level using correct surveying
procedures, This reading was recorded c;m‘ the data sheet,
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From the readings of the differential height of the water in the
pi*l‘m tubes; a mean veloclty and coefficient for sach eross section
wag computed, A work sheet showing & sample caloulation is shown on
page 13, For each cross sectiom a plat was drawn on 10 x 10 oross
section paper and the area ant! wetted perimeter were measured directly
from this plat. A sample plat is shown on page 1, The ares was
determined by use of a cﬂ@maﬁngmurmmwmm“tted
perimeter was determined by the use otamapmr. The hydraulic
radius of the section was determined mathematically from the area and
wetted perimeter,

Each set of data was tested to determine if steady flow did
exist by computing the quantity of flow past esch ¢ross section, The
mnmlmityﬁmatheamar'ﬁmmuaﬁme@mlathewﬁw
of flow. For steady flow to exist, the quantity of flow passing the
upstreanm ¢ross sectlon should pass the downstream cross section, If
any set of date varied enough in flow {0 change the solution of the
roughness coefficient formula by i‘iwmauamiths, the set of data
was discarded., Data from 28 stream spots survived this test,

Some of the varistion from steady flow was probably caused by
errors in measurement or recording, Some variation probably existed
because of winoticed seepage into the stream somewhere betwsen the
upstresm and downstresm cross sections, In some cases the variation
was due to the heavy precipitation during the time of the measurements,
In other cases it was evident the variation was due to movement of
water underneath the stream bed,



Those sets of data surviving the test were adjusted to eonform to
steady flov by adjusting the area of the cross section, This adjust-
mont was mede since the error prebably existed in incorrectly
measuring the sinuosities of the weited perimeter rather than in the
measurement of the differential height of the water in the pitot tubes.

After adjustment the roughness cosfficient formuls was solved.

, (85 <) 35

A ssmple sclutiocn is shown,

n= L1586 /%
_ )
Substituting:
= -g
/2 (127219
L6 508 020 (5'0//0 M) éaz/e +05a
=S5 OFE B - 525 |
i 205‘ o
020 - f-oe) (64_321-0.57
n =929 040 ;
- 5. 25 ]

[}

p= O.¥37 [0,04‘_] <

7= 0.09



Results

Photographs of sample Western Oregon stresms are shown on
pages 15 to 21 with desoriptions of the material forming the bottom,
The value of n (the roughnsss mﬁmma) at high water level is
indicated below each photograph. Where several siream spots of the
same type contributed to a variation in the roughness coeffiecient,
the range of the variation is shown. |

Use of the Results

By selecting a point in a stream where the stream botiom material
is fairly consistent for a distance of 15 or 20 feet up and down
stream, a logging engineer may measure the cross sectional area, wetted
perimeter and slope of the high water flow., These data plus an estimate
of the roughness coefficient will provide the necessary information
for determining the quantity of high water flow through the use of
Manning's formula,
Study of the photographs will aid in estimating roughness
coefficlents, The following rules-of-thumb developed from the
mmmwmfmmm&swmwmgﬁdw.
1. Very few streanm bottoms bave roughness coefficients below
0.05.

2, Roughnese coefficients of clay and/or small rock (3-inch
dismeter and smaller) stream bottoms average 0,05 unless
modified by debris,
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3. Roughness covefficients of streams with mild bank debris that
is flooded in high water, large rock (1~-foot dismeter and
larger) stream bottoms, and streams with scattered large

rock average 0.09.

L. Stresm bottoms with logging debris, branches and vegetation
never have roughness ccefficients below 0,09 and sometines
go a3 high as 0,40, These stream bottoms give erratic results
and should be avolded in malcing measurements of past high
water flows.

Sumary

Iogging engineers need to estimate the design flow %o correctly
determine culvert size for logging roads. The most rational method
avallsble to logging engineers is the use of Manning's formula, All
the information needed to golve Manning's formula mey be messured
&t or near the stream erossing site except the stresm bottom roughness,
This has to be estimated by the logging engineer.

To aid the logging engineer, this thesis experimentally
determined the value of stream bottom
presented photographs of some ssmple stream bottoms in Western Oregon
with the value of n (the roughness coefficient) indicated below each
photograph.

Each stream spot selected was photographed at low water level
to visually indicate the character of the stream bottom, Then at high
water, two cross gections were established at each end of & length of

stream that gave indications of stesdy flow, At esch cross section



by the. use of a pitot tube, the velocities were measured at 0.10-
foot depth intervals at cross-stream intervals of 0.20«feet. From
these readings, a mean velocity and coefficient were ecomputed on
a wvorksheet for each cross sesetion and a cross seetional plat was
drawvn, Prm this plat, the area and vetted perimeter were measured,
The difference in water level, length between cross sections and
depth were directly measured in the field

Using these data, the following formuls was solved to determine
the stream bottom roughness. |

5__( +aé)( Mf) 2

172

,7= /5’6’

vhere n = roughness coefficient of the stresm bottom,.

By = mean hydraulic radius of downstream and upstreem
eross sections.
slops of bottom of ehannel in feet per foot.
ratio of the mean of the squares of the velosities
divided by the square of the mean wveloeity.
Subseript 1 refers to upstresm eross section;
subseript 2 refers to downstream cross section.
mean velooity of the eross section.
32.16 feet per second per second.
depth of water at oross section in feet.
length of resech in feet.
mean of mean velocities at upstream and downstream
eross sections,

w
e

'-Gl"ﬁ-ﬂ L]
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SAMPLE DATA SHEET

Stresm Sosp Cr. trib, - south side Date 12/21/57 §o 59U

WK . .2

debris on flood plain

BI
b ;] 4o O
Elevation -~ Downstrean B, M. 3 Length ;5‘22

DIFFERENTIAL REIGHT OF WATER IN PITOT TURES
in
hundreths of a foob
Horisontal Distances in Tenths of a Foot

1 3 5 7 9 1 13 15 17 19 2A

1
2
=
w 1 Vater Luvel
28 |
™ )
;1515151416193221
3%1616141416189211
a8
44 17 13 1 13 15 18 5 3 2 0
R ‘ : Bta Bta
E 18 11 16 13 13 17 1 8
Bta
19 12 o0 13 13 1 -1
Bta Btm "~ Btm Btm
5 Btm Bim

19.7



Differential

Reight of
Water in
Pitot Tubss
in Frequencsy  Equivalen Cal 3 Col 4
hundreths of Velocity 4 x
of a foot Reading in t:/m Col 2 Col 2
h v fv fvd
.1 1 —0.‘ *'ota ""OQ“
[+ 2 0.0 0.0 0,00
1 5 0.8 4.0 3.20
2 & 1.l &b 484
3 2 1.4 2.8 3.92
: 3 Le e ax
" - 2.1 - -
8 b 23 2.3 5.29
9 i 2.4 24 5.7
- i 22 P R
12 i 2.8 2.8 7.84
13 6 2.9 174 504,46
14 ; ﬁ 12.0 36,00
ﬁ 4 3.2 u__g.a jwl, “‘&‘. -
7 1l 3.3 3.3 10,89
18 2 3.4 6.8 23.12
R T
; " ey N
*v=op [ Mosn? = 4.80
oy a8
0, = cosfficient of B = ror alirld
pitot tube.
= 1,00

€ = 32,16 feot per second per sscond.

h = differential height of water in pitot tubes in feet,
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Vertical Elevation

in feet :
B
\h

3
°

CRCSS SECTION PLAT
of

. SAMPLE NUMBER 59 - UPSTREAM

Horizontal Distance
in
e tenths of a foot

10

i

Area s 0.820 sq ft
Wetted perimeter & 2.50 £t
Hydraulic radius = 0.328 £t
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Small rock (3=inch dismeter and smaller) bottem with 1ittle debris,

A yardstick is used for a sige=guage

n = 0.045



Clay bottom with mild debris, A yardstick is used as a sige=guage.
n = 0,09



Mixed_size rock (3 to l2-inch diameter) bottom with little debris.
A 3e8=foot rod is used as a size guage.
n = 0.09f.00.10



Large rock (l-foot diameter and larger) bottom with no debris.

A 13,0=foot rod is used as a size guage.
R = 0,10
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Clay bottom with ten percent of the surface covered with

large rock (l=foot diameter).
Mild bank debris.

A yardstick is used as a size=guage.
n = 0,10



Large rock (l-foot diameter and hrger) bottom with little debris.
A yardstick is used as a size-guage.
n = 0,10 to 0016



Mixedesize rock (1 to l2-inch diameter) bottem with chunks, sticks,
and leg debris. A yardstick is used as a size-guage.
n = 0.10 to 0038
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