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1. INTRODUCTION The grow;h of weeds in rivers and canals is an

ever present  problem. In many exis t ing

Idaterhrays, the eonsequences of the weed growth

wi l l  have been learned by exper ience.  However '

there are a nuuber of situations where a

predict ion of  the ef fect  of  weed growth is

requi red.  Examples of  such s i tuat ions are

(a)  Design of  new dra inage channels

(b)  A change of  f low condi t ions in  an

exist ing waterway e.g.  increased run-of f

from bankside developments; use as a

feeder f rom storage ponds or  pumped

aqui fers.

(c)  I {here an assessment  is  requi red of  the

benef i ts  of  weed contro l  Progranmes'

Intermittent f low over grass has been widely

studied in  the f ie ld and in the laboratory but

comparable infornation on aquatic weeds, which

are much more varied in form, is not readily

avai lable for  general  appl icat ion.  The purpose

of this Commission is to extend knowledge in

th i s  f i e l d .

This repor t ,  the second of  a ser ies,  descr ibes

f ie ld s tudies carr ied out  between February 1984

and Apr i l  1985.

2.  PREVIOUS WORK The f i rs t  s tage of  the invest igat ion was a

l i terature survey.  This was fo l lowed by

laboratory work on ar t i f ic ia l  vegetat ion to

obta in a bet ter  understanding of  how the rat io

of  depth of  f low to lengths of  vegetat ion

af fected channel  roughness.  The f i rs t  s teps

were then made to mount the field study that is

the  sub jec t  o f  t he  P resen t  rePor t .

The ear l ier  work is  deser ibed in HR Report  No

SR 36 ,  March  1985 .



3 . FIELD SITES

J . I Genera l  desc r i p t i on

The s i tes or ig inal ly  chosen were the River

Anton near Ronsey and the River Wey near
Farnham. The R. Anton rdas a relatively large

r iver  wi th an uneven bed and d i f f ieu l ty  was

experienced in inspecting and measuring some

areas because of  the depth of  the water .
Ear ly  in  the year ,  s tudy of  the R.  Anton wis

therefore d iscont inued and an a l ternat ive
site was adopted at Candover Brook on the

eas t  s i de  o f  W inches te r .

A11 these s i tes were of  the same tyPe;
gravel  bed st reams wi th a re lat ive ly  h igh
width to depth rat io  and moderate to h igh

f low veloc i t ies throughout  the year .  In

these circumstances the principal mainstream

weeds l^7ere ranunculus and calitr iche. Both

of these are streaming weeds that have no

inherent  s t i f fness in  ind iv idual  p lants but ,

in bulk, forrn large beds with an elastic
consistency that  respond to the hydraul ic
forces by expanding or  contract ing.  The

shallows were populated by varieties of weed

that  have more innate st i f fness but  do not

thr ive in  the veloc i t ies encounlered in  the
meinstreau.  As s i l t  was deposi ted in  the

slow f low through these weeds there was a
gradual encroachment of the banks of silt and

thei r  weed populat ion in to the mainstream
until the weeds died off and the banks of

silt were eroded away. The advance and
retraction of the banks l ines took place in a
year ly  eyc le.

An essent ia l  requi rement  for  a research s i te ,

and a major  l imi tat ion on avai labi l i ty  of

sui table s i tes,  is  a Beans of  measur ing the

d i scha rge .  Each  o f  t hese  s i t es  was  c lose  to

a measur ing st ructure.

Other  factors looked for  in  the choice of

s i t e  we re  :

A h is tory of  sErong weed growth

Unres t r i c ted  weed  g row th  i . e .  l i t t l e  o r

no mAnagement

Absence of pollutants in the flow

1 )
2 )

3 )



3 .2 Loca t i ons

1.  The pr inc ipal  source of  data through the
year was Candover Brook at  I tchen Stoke near
Ll inchester .  This  s t ream, running nain ly
through pr ivate property ,  is  spr ing fed and
except ional ly  c lear .  The weed is  a l lowed to
grow naturally and is not Danaged in any way.
One bank is  l ined wi th substant ia l  t ree growth
and, while in some reaches the shading appears
to inhib i t  weed growth,  in  others weed growth
is  very extensive.  This has the advantage that
methods of analysis can be checked against
sect ions of  uni form weed cover ,  h igh and low,
and a lso against  combined sect ions wi th
non-uniform weed cover.

The Brook has an average width of 7m and
typical l 'rat.er depth in the centre of the stream
was 0.5m. The sect ion chosen for  test ing was
stra ight  for  a d is tance of  approxinate ly  120n
but ,  to  avoid s ide st reaus and cat t le  dr ink ing
places the test  length was l iu i ted to 40n.  I t
was in tended to use th is  as a s ingle sect ion
but  under some f low condi t ions i t  was possib le
to measure the [ rater  sur face s lope wi th
suf f ic ient  accuracy to a l low analys is  of
subdiv is ions of  the test  length.

Flow was measured a shor t  d is tance downstream
of the test  sect ion by a h igh precis ion Cruup
Weir .  There were no s igni f icant  f low inputs
between the test  sect ion and the weir .

Dur ing the year ,  sur face weed covers as h igh as
60 per  cent  were recorded.

2.  The second s i te  was the River  Wey at
Farnhau.  The test  sect ion was near the eentre
of the town with houses backing onto one bank
and open ground wi th publ ic  access on the
o the r .

The river is 8 - 9rn wide and typical rdaEer
dep th  i n  t he  cen t re  was  0 .6m.  The  to ta l  t es t
length rras approxirnately 100m, comprising two
50n  l eng ths  o f  d i s t i nc t l y  d i f f e ren t  s l opes .



Flow was measured by a non-standard full width
we i r  immed ia te l y  ups t ream o f  t he  t es t  sec t i on .
The weir  rat ing was obta ined f rom the Thanes
Water  Author i ty  but  the accuracy of  th is  rat ing
was unknown.

In pract ice,  the resul ts  f rom th is  s i te  were of
poor qual i ty .  The weed growth dur ing the year
was very Iow and d ied of f  ear ly ;  one observer
t,ook the view that the weed had been kil led by
l rater  pol lu t ion.  This could not  be conf i rmed
but the outeome was that only l inited data was
obtained and doubts nere raised as to the value
of  th is  r iver  as a pr inc ipal  s i te .  As a resul t
a search was begun for  an a l ternat ive s i te ,
which is about to be brought into action, and
the R.Wey s i te  now has the status of  'secondary

s i te I  to  be used to broaden the data base when
good weed growth is obtained.



4. TEST PROGRA},IME The most rapid changes in weed volume
occurred between Apr i l  and August  and v is i ts
were made to each s i te  at  least  once a month
dur ing th is  per iod.  Dur ing the remainder of
the year ,  v is i ts  were st i l l  nade,  i f  weather
perui t ted,  in  order  to establ ish the natura l
roughness of the test channels without weed
and to observe the movement of the silt beds
which are of ten reta ined by the weed roots
af ter  the top growth has d ied away.



5 . SITE
MEASUREMENTS

The only permanent work at the sites was the

insta l la t ion of  bench marks to locate
sect ions on the r ivers and provide a
reference level .  The marks consisted of
concrete b locks cast  in to the ground wi th a
rounded bol t  head inserEed as the reference
point .  In  sof t  ground the b lock was cast
around a steel  angle i ron dr iven in to the
ground.  These were p laced at  10u intervals
on the Candover Brook and approxiuately 25n

intervals  on the R ! ley.  Stra ight  l ines
between the markers formed the base line for

hor izonta l  measurements.

On reaching the s i te ,  the head over  the weir

was recorded.  A r iver  cross-sect ion was then

surveyed at each of the markers. I,Iater leveI
at  the sect ion was establ ished wi th the a id
of a tripod mounted point gauge stood in the
r iver  to g ive a f i ru  level  ind icator  which
was then related to the bench mark with an

opt ica l  level .  Water  depths,  weed height  on

the seet ion and s i l t  depths were then
measured re lat ive to the water  sur face.  A
narked rope st retched across the r iver
located measur ing posi t ions re lat ive to the
basel ine.  I {hen the sect ions had been
completed, the weed growth was surveyed. The

method used was for an operative to wade the
river, marking the outl ine of large weed beds
wi th a ranging rod at  appropr iate points or '

in the case of sua1l weed clumps, marking the

centre and measuring length and width. Each

time a position ldas rnarked, the position was

triangulated to the base line by two
theodolites located over the two bench uarks
that  spanned the sect ion being surveyed.  For
each weed bed,  depths f rom the water  sur face
to the top of  the weed,  to the s i l t  wi th in
the weed bed and to the channel bed was

recorded at  several  Points.  TyPe of  weed was

also recorded.  The bank l ines were a lso
plot ted by the same method of  t r iangulat ion.

Alternative methods of surveying the weed had

been exper imented wiEh,  par t icu lar ly  the use

of  aer i .a l  photography f ron a hel icopter  or  a

nodel  p lane.



This nethod was very weather  dependant .  In
very bad weather  the p lanes could not  f ly  and
ref lect ions or  wind-r ipples on the water
sur face 1ed to very poor  resolut ion.  Lack of
conLrast  was a lso a problen par t icu lar ly  i f
a lgae was present  on par ts  of  the r iver  bed.
In v iew of  the organisat ional  problems of
set t ing up an aer ia l  reconnaisance and the
need for someone to be on or in the river to
ident i fy  weed types and obta in depth
information, there l^ras no saving in survey
tirae and this nethod was abandoned. the
triangulation method used was immune to all
but Ehe worst weather and tests made during
the p lot t ing showed that  errors in
posi t ion ing even at  large inc luded angles
were negl ig ib le re lat ive to the errors
inplicit in tracing the edge of moving weed
beds .

llhen the survey was eomplete, the water level
at  the gauging weir  was again recorded.

Fron time to time, when weed growth was high,
veloeity measurements rtere made in the open
Idater channels and in the lee of the weed
beds.  The measurements were uade wi th a
BraysEoke 5 inch d iameter  propel lor  meter
mounted on a rod standing on the r iver  bed.
The purpose of the lnetering was to obtain
some indicati.on of the relative flows around
and through the weed beds.



6. OUTLINE OF ANALYSIS The surface outl ine of the weed was nanually
p lot ted f ron the t r iangulat ion data to be
la rge  sca le ,  t yp i ca l l y  1 :40 .  A reas  were  then
calculated wi th a computer- l inked d ig i t iser
and combined with the depth measurements to
calculate volume of  weed,  volume of  s i l t '
average thickness of weed and the ratio of

weed sur face area to ldater  sur face area.

There were two approaches to the analysis of

the data.  The f i rs t  was to at temPt to obta in

a deta i led p ic ture of  the in f luence on the

flow of the weed bulk and the weed frictional
character is t ics and to def ine the pr inc ipal
parameters contro l l ing both.

However, it would be inpractical, if not
impossib le,  to  obta in the data requi red to
make use of such an analysis in the context
of  a whole r iver  system.

The second approach was therefore to at temPt

to re late the f low pat tern to those
diuensions that could readily be obtained in
pract ise.  These were considered to be :

a)  Cross sect ions of  the c lear  channel
b)  Discharge or  t raLer  depth (one to

calculate the other)
c)  Sur face area of  weed

Iten c) was considered to be the only measure

of  the weed that  could be easi ly  obta ined for

long sect ions of  r iver ,  e i ther  by est imat ion
on the ground or by aerial photography- This

approach was considered f i rs t .

For each of the seetions surveyed, Iulannings n
was calculated using the channel bed as the

boundary to obta in the cross-sect ional  area

and wet ted per i roeter  ( i .e .  as i f  no weed was
present) .  This  was done because the weed
cross-sect ion at  any point  wi l l  not  bear  any

re lat ionship to the tota l -  weed in the reach
upstreau of  the sect ion,  except  by chance.



l{annings n value for the weed-free channel.
For  c lar i ty ,  not  a l l  the points are p lot ted

in Fig 3 but  the l ine is  f i t ted through a l l

da ta  po in t s .

Since the intercept on the Y-axis would vary

f rom r iver  to  r iver ,  th is  graph nay be said

to  be  spec i f i c  t o  t he  t es t  s iEes .  Howeve r '

the natural channel roughness is unlikely to

vary widely on r ivers Prone to th is  type of

weed growth and af fects only  the lower par t

of the curve since the weed roughness and

bulk wi l l  predominate at  h igher  values of  K.

Nonetheless,  an at tempt was made to separate

weed and channel roughnesses by using the

formula for composite roughness devised by

Pavlovski  and others,  which equates tota l
force resisting the flow to the sums of the

forces res is t ing the f low in the subdiv ided
areas.  The equat ion is

Overall Mannings n =

(P, Nr2 + r" nl2;i i* (z)
-P=z -

where,  in  th is  case :

Pr  = length of  wet ted per iueter  oceupied ,
by weed

P" = length of wetted perimeter that is

clear channel bed

N" = Mannings n for channel bed

N, = Mannings n for weed

P = tota l  wet ted per imeter

The ratio of P, to P was taken as equal to

K and equat ion 1 was subst i tu ted for  'overa l l

Mannings nr .  The value of  Nr  was

calculated and p lot ted against  K/Froude No in

Fig 4.  This is  a s imi lar  curve to that  in

Fig 3 but with a smaller range of n values

since the ef fect  of  the low c lear  channel

value on the overall value is more pronouneed

when weed cover  is  low.



The n value of the weed was also plotted
against Froude Number in the forrn of l/F
since Fig 1 shows it to be broadly an inverse
relat ionship. The result  is shown in Fig 5
and i t  can be seen that the correlat ion is
excel lent.  I t  would appear that the scatter
occurring in Fig I when various lengths of
reach with varying K values were l inked with
a part icular measured cross-sect ion has been
suppressed in the transi t ional use of
equat ion 2. The correlat ion coeff ieient of
the l ine drawn through the Points is n ' tV

To take the analysis a l l t t le further '
Mannings n was calculated using as the eross-
sect ional area of each sect ion, the total
area to water level minus the mean cross-
sect ional area of weed in the reach. The
latter is not a dimension that could be
easily obtained in a survey of an ext.ensive
length of river but in the context of a
research study would show if this was
necessary for precise results.

The Froude No for each sect ion was also
calculated fron this corrected area.

Fig 6 shows the resulting plot of Mannings n
against K/Froude No. There is extensive
scatter.  A plot of  the relat ionship of
l"lannings n to Froude No (Fig 7) shows no
better correlat ion. This l ine of analysis
was therefore discont inued.

A nuuber of analyses exist for flow over
vegetated surfaces. These relate mainly to
intermittent flow over grass and the
vegetat ion therefore always has 100 Per cent
cover.  They are therefore not direct ly
cornpat ible with the type of vegetat ion being
studied here. I lowever,  i t  was considered of
in te res t  to  see i f  s in i la r i t ies  ex is ted .

Kouwen, Unny and Hill (Ref 1) proposed an
equat ion of the form :

V /V*  =  C1 +  C2 1og (CSA o f  water /
CSA o f  weed) ( 3 )



where V = veloci ty
V* JgRS

where R = hydraul ic mean depth

S = slope

and C1 and C2 are coeff ic ients related to
vegetat ion density and st i f fness
respec t ive ly .

Subst i tut ing surface areas for cross-
sect ional areas in this case gives the
eguat ion.

V/V*  =  C1 +  C2 Log (1 /x1 ( 4 )

Fig 8 shows rhe plot of  V/V* against log
( r / x ) .

Although the trend ls l inear,  the scatter is
considerable. In the context of  streaming
aquat ic weeds i t  would appear that this forn
of relat ionship is not appl icable.

A second analysis of f low over vegetat ion,
and the one most widely used, is that carr ied
out over several years by the U S Soil
Conservat ion Service (Ref 2).  By eupir ical
Beans they deduced that Mannings n was a
funct ion of the vegetat ion (grass) height and
the hydraulic parameter VR where V is
veloci ty and R is the hydraul ic mean depth.
In the present tests the range of values of
VR is very smal1 compared with those tested
by the USSCS but a plot of Mannings n against
VR has been prepared and is shown in Fig 9.



7.  DISCUSSION OF The behaviour  of  p lants in  an aquat ic
RESULTS environment is extremely eomplex and couplex

measurements would be needed to descr ibe i t

fu l ly ;  far  too eomplex for  pract ica l
appl icat ion.  The main a im of  th is  work '

t he re fo re ,  i s  t o  f i nd  desc r i p t i ons  o f  t h i s
behaviour that are accurate enough to be of

real value but simple enough to be
p rac t i ca l .

In  the analys is  of  the resul ts  so far ,  a
promis ingly  c lose re lat ionship has been found

to relate the hydraulic performance of a

channel to a measure of the weed growth that

can readi ly  be obta ined (Fig 3) .  This
re lat ionship is  based a lmost  ent i re ly  on data
from one site and an alterqative that may be

of  more general  appl icat ion has been
sugges ted  (F ig  4  and  5 ) .

A more detailed examination has not yet given

any more insight into the problern than the
purely empirieal analysis made above but is

being fo l lowed up as more data is  acquired.

Previous analytical work which nainly

coneerns f low over  grass sur faces aPpears to

have no relevance to purely aquatic
vegetation of the type now under examination.

Exper ience in the f ie ld has led to a
modification of some earlier views of the
problen.  A number of  laboratory s tudies of

flow in the presence of vegetation have
examined, in detail, the flow through the
vegetat ion.  In  the case of  s t reaming,
buoyant  p lants,  the p lant  c lusters are so
dense that  f low through them is  suf f ic ient ly
s low  to  a l l ow  ex tens i ve  depos i t i on  o f  s i l t .
Fur thermore,  s ince the f low forces a passage

around the p lants,  the head loss across a
weed bed is  general ly  very smal l .  The net t
resul t  is  that  f low through the weed beds i -s

negl ig ib le to the point  of  being unmeasurable
under most  normal  c i rcumstances.  In  the case

of upright plants in the shallows by the
bank,  the major  res is tance to f low is  not

usually the plant stems or leaves but plant

debr is  caught  by the upr ighE stems.



A study of  ind iv idual
is  therefore largely
s iEuat ions and f ie ld
the pr inc ipal  source

plant  character is t ics
i r re levant  in  real
observat ions should be
o f  d a t a .

I t  is ,  perhaps,  because of  the tendency of
aquat ic  p lants to behave as bulk colonies
rather than as individuals that it has been
possib le to draw consistent  re lat ionships
from what  are,  of  necessi ty ,  re lat ive ly
siraple bulk measurements.



8. coNcLUsIONS 1.  The pr inc ipal  in ter im conclus ion is  that
for  s t reams infested wi th buoyant  t ra i l ing
weeds such as ranunculus and eal i t r iche,
there is  a re lat ionship between the
eguivalent value of Mannings n applied to the
whole flow seetion and the Froude Number of
the f low and the sur face area rat io  of  weed
to ldater .  Where weed growth is  low,  the forn
of the relationship rnay be influenced by the
roughness of the clear channel bed but for
higher weed growths the nature of the channel
bed wil l be unlikely to affect the
re lat ionship.

2. Confirmation or developnent of the
current  analys is  requi res a greater  range of
data and data f rom a wider  range of  s i tes.
This is  in  hand.

3.  The s i tes current ly  being studied have
constant ly  f lowing water  which determines the
type of  weed that  wi l l  becone establ ished
wi th in the mainstream. A second category is
s i tes where the water  is  at  t imes stagnant  or
very s low moving;  dra inage d i tches are the
main example.  In  these s i tes the erect  weeds
and others wi th re lat ive ly  s t i f f  support ing
stems wil l colonise the whole waterway
whereas they are found only along the banks
of  the present  s i tes.  This very important
category of  s i tes requi res invest igat ion.
The practical problems of researching such
sites are immense because Ehe flows and water
surface slopes are extremely small for most
of the time and higher flows are
in te rm i t t en t .  Pe r i od ie  v i s i t s  t o  a  s i t e  w i t h
por table equipment  are therefore l ike ly  to
miss s igni f icant  events and the precis ion of
rneasurements, vhich needs to be near
laboratory s tndards,  is  d i f f icu l t  Eo achieve.
An int ractable problen is  to  devise a measure
of this type of weed thaL can readily be nade
in pract ica l  appl icat ions and is  suf f ic ient ly
precise for  general  resul ts  to be widely
appl icable.  The s i rople measures so far  used
for  s t reaming weed cannot  be used in these
si tuat ions.  These problems are being
urgent ly  s tudied and prospect ive s i tes have
been noted.  This aspect  of  weed research is
not  yet ,  however,  in  fu l l  swing.
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